1 METHOD FOR DETERMINING THE DIELECTRIC PERMITTIVITY OF A DIELECTRIC OBJECT 5
FIELD OF INVENTION The invention relates to the figld of electrical engineering and, more specifically, to
the remote measurement of the dielectric permittivity of dielectrics. 10 BACKGROUND OF THE
INVENTION One of known methods for determining the dielectric permittivity of a material consists of
irradiating a sample with an electromagnetic wave using a double-arm emitter, changing difference
between the signal's phases in the arms of the emitter and measuring amplitude 15 of the wave
transmitted at avang@oaRdRISETERMINg tiee THEletHiE pERTGHIERMBY ISHEN IR G thiEdHtETRICe between the
signal's phases in the arms of the emitter, the depgpgepge of the amplitude of the transmitted wave on
the length of the arm is eliminated. The dielectric permittivity is determined by the following formula: 2 11

. Su/2Q A A2 20where A. - free-space wavelength; Ab - wavelength in the double-armed emitter; A -
period of amplitude "zero" for the transmitted wave, and angle G is chosen according to the relationship
d" I'\ < 4151:5me4p,80; mrerg idi- maximum size of the emitter's arm, see USSR Patent No. SU 1800333
Al.

The invention relates to the field of electrical engineering and, more specifically, to the

remote measurement of the dielectric permittivity of dielectrics.
10 BACKGROUND OF THE INVENTION

One of known methods for determining the dielectric permittivity of a material consists of
irradiating a sample with an electromagnetic wave using a double-arm emitter, changing
difference between the signal’'s phases in the arms of the emitter and measuring amplitude
15  of the wave transmitted at an angle and determining the dielectric permittivity. By changing
the difference between the signal's phases in the arms of the emitter, the dependence of
the amplitude of the transmitted wave on the length of the arm is eliminated. The dielectric

permittivity is determined by the following formula:
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20 where A, - free-space wavelength; A, - wavelength in the double-armed emitter;

A - period of amplitude “zero” for the transmitted wave, and angle © is chosen according to
the relationship
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where d, - maximum size of the emitter's arm, see USSR Patent No. SU 1800333 Al.

25
The disadvantage of this method is that it requires a contact between the emitter and the
object, the dielectric permittivity of which is to be determined. Moreover, this sample needs
to have a flat surface to ensure a contact with the emitter. These requirements do not allow
using this method for remote determination of the dielectric permittivity of objects.

30

Another known method to determine the dielectric permittivity of a dielectric object employs

irradiating the dielectric object with coherent microwave radiation at N frequencies. The



25 The disadvantage of this method is that it requires a contact between the emitter and the object, the
dielectric permittivity of which is to be determined. Mgreover, this sample needs to have a flat surface to
ensure a contact with the emitter. These requirements do not allow using this method for remote
determination of the dielectric permittivity of objects. 30 2 irradiation is carried out against the background
of reflectors, whereby boundaries between the object's layers, or a boundary between the dielectric object
and air, or a physical body, on which the tested dielectric object is placed, serve as the reflectors. The
signal reflecteidrdrtiariotine deetectvatcljaostand baekellecddaf ieflegiste ebkréhe ietezide tigneknare
converted 5 Inﬁg%ﬁjg&?sque@no&@e& Q{&h@%ﬁ‘%ﬂﬁé\&i&%é@ﬂﬁﬁ@@# P Pwac«ar% ermined and

the times of the determined aPea te ora components are measured. These data are use to determine

the dielectric S8rMHEViITeARE¢ Hé“t‘ﬂ g’%qfﬁeollacﬁ?&ss%\f%%H‘%ﬁﬁ'?&@éﬁnﬁ@eﬁ 43} EH <SRN a sector of
angles. Dieledta®m peawhirtbgityc ik chiokhthes efdelpers registeied. dde retiertedfeamath @foeanykieedl0 17 Ai le

Sine” *c* §1-"A hé7tilneCadMAin efeASiaPball cdiiponthtLih tReGaraRItPshéetimT ArdAléreMindd; 1
and the times of the determined peak temporal components are measured. These data are
used to determine the dielectric permittivity and the thickness of the layers. Probing and
receiving is carried out in a sector of angles. Dielectric permittivity and thickness of layers

are then determined from the formulae:
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where i - the number of the layer; € and ¢, - dielectric permittivity of layers i and p; €, - the
dielectric permittivity of the medium in which probing and receiving of signals is performed;
JVLEN
15  Al;- thickness of i-layer; 2 where h; and h; are heights between the border of the

first and second layers to the points from which probing is performed and the signal

)
receiving points respectively; 9,;@1 is angle of received signal reflected from the border

between layers i and i+1, ¢ - speed of light; t; - frequency of peak i-constituent of the time
spectrum which corresponds to the reflection of the signal from the border between layers i
20 and i+1, and d - projection on the probe surface of the distance between the point of

probing and the signal receiving point, see Russian Patent No. RU 2039352 C1.

The disadvantage of this method, which is taken as a prototype for the present invention, is
the requirement of parallel arrangement of the layers of the dielectric object. If the object

25  consists of a single layer, its sides should be parallel. Therefore this method can be used



E N C gelLl wherei-the number of the layer; Ej and Ep - dielectric permittivity of layers i and p- the
dielectric permittivity of the medium in which probing and receiving of signals is performed; ,Al= 111 +112
15Ali- thickness of i-layer;2where'll and h2 are heights between the border of the first and second layers
to the points from which probing is performed and the signal receiving points respectively; naal is angle of
received signal reflected from the border between layers i and i+1, ¢ - speed of light; ti - frequency of peak
i-constituent of the time spectrum which corresponds to the reflection of the signal from the border
between layersieROmndusthmamedd opjrapsctionrequited frabesuviaee\ef tiesdistdiodaalsetweaeirethe point of
probing and tnﬁaw@agn@g@wm.eahe& gﬁ@réﬂé%ﬁm%@mé}%ﬁy 20305 P lerasTE &\@@&M@ntage of this
method, which is taken as a rototype or the present invention, is the requirement of parallel
arrangement 8P RS SFTIEHielectric object. If the object 25consists of a single layer, its sides should
be parallel. Therefore this method can be used 3 solely for custom-made objects with required features.
Moreoverg thiﬁ%ﬁf&@%@d@ﬂi@ﬁé@ﬂhﬂo@% tof ineigen Gread rﬁflﬁﬁﬂﬁlﬂa gbthew@Haianave radiation
towards the dl(?|? ,;rc obren% tIz§1“re well- deflqﬁd §3n'lahﬁ (@Jorerr%een |on rqgrr]]deg |t||r|1§ OSSIb|e 'ﬁ) Use this
method in practlce etermining dielectri permit |V|?y of &It moving and hi a(f non-parallel
layers or S|de§?65H@Mé?ﬁﬁﬂ¥ﬁ66?ﬁé‘??%@ﬁﬂ&ﬁﬁ%‘bPégé%‘ﬁfé”éfed@‘l’ébﬁlEc@i&ﬂég E’é*ﬁib%nds hidden
on a human badynansokdpvitistkadhedeatdielperin tivititiof e tia stmajajityhyodisiuch conmpoudsls lies

between 2,9 - 3dlpkeen 2,9-3,1.

10
DETAILED DESCRIPTION
The purpose of the present invention is to provide a method for remotely determining the
dielectric permittivity of a moving dielectric object of irregular shape.

15

The present invention provides a method for determining the dielectric permittivity of a
dielectric object against the background of a reflector, the method comprising:
irradiating the dielectric object with coherent microwave radiation at N frequencies,
detecting the signal reflected from the dielectric object and the reflector,
20  coherent processing of the detected signal and receiving a three dimensional microwave
image of the dielectric object and the reflector;
additionally obtaining a video image of a region, where the dielectric object and the reflector
are located by using two or more video cameras, synchronized with the microwave radiation
source;
25  converting the obtained video image into digital form and constructing a three dimensional
video image of said region;
converting the three dimensional video image and the microwave image into a general
system of coordinates;
from the microwave image in the general system of coordinates determining the distance Z;
30 between the microwave radiation source and a section of the microwave image of the
reflector that is free of the dielectric object, and the distance Z, between the microwave
radiation source and the section of the microwave image of the reflector in the section of the

dielectric object;



DETAILED DESCRIPTION The purpose of the present invention is to provide a method for remotely
determining the dielectric permittivity of a moving dielgctric object of irregular shape. 15 The present
invention provides a method for determining the dielectric permittivity of a dielectric object against the
background of a reflector, the method comprising: irradiating the dielectric object with coherent microwave
radiation at N frequencies, detecting the signal reflected from the dielectric object and the reflector,
20coherent processing of the detected signal and receiving a three dimensional microwave image of the
dielectric objeat ahel thasisedliedtoryiddaditioagdlyektaining & videgentagesgitamegictpovdiretteshiedielectric
object and they(gflecios AenREARH Y SIE AVRIRBROLE, Yidem GBS Iaso SHAGRONRE ittt e
microwave radiation source; 25converting the obtained video image into digital form and constructing a
three dimensiSREFYYES §Mage of said region; converting the three dimensional video image and the
microwave iméigeligiestacgeaiertiv iy stefthe didendinelss! fsaleierpimaitiiomdbe igfatiigesitithe general system
of coordinates determining the distance Z1 30 between the microwave radiation source and a section of
the microwavesi a@e__& he reflector that is free of the dielectric object, and the distance 4 between the
microwave radiatiofi Séurce and the section of the microwave image of the reflector in the section of the
dielectric object; 4 on the basis of the video image determining in the general system of coordinates the
distance 4 between the microwave radiation source and the video image of the dielectric object; whereby
the dielectric JERARRMEDTE 5f e MEECHiBbjEChRERYHIRIEIVIFR e [d9aticHdRipiseRinedz3 . 71 - 73
y The applicastigenohaieareiod sunyytachihmahs diutioits whrighicr evitd endioad tioethenclztineeditgubject matter.
This suggests that the invention complies with the requirement of novelty.

10 Implementation of the distinguishing features of the invention results in new important
features of the claimed subject matter. In particular the invention makes it possible to
remotely determine the dielectric permittivity of a moving, irregularly-shaped dielectric

object.

15 The applicant is not aware of any sources of information which would provide any
knowledge about the relationship between the distinguishing features of the present
invention and the achieved technical effect. New features of the claimed subject matter
outlined above demonstrate, in applicant's opinion that the subject matter of the invention

complies with the requirement of non-obviousness.

20
BRIEF DESCRIPTION OF FIGURES
In the following, the invention is explained by a detailed description of an example without
any references to figures.

25

BEST MODE OF CARRYING OUT THE INVENTION

In order to demonstrate the method for determining the dielectric permittivity of a dielectric
object against the background of a reflector, a test dummy was used to mimic the human
30 body serving as the reflector. The dummy had a dielectric object (beeswax) attached to the
body. The goal of the experiment was to determine the dielectric permittivity of the
beeswax. The test dummy with the attached dielectric object was irradiated with coherent

microwave radiation at 14 equidistant frequencies in the range of frequencies from 8 to 12



10Implementation of the distinguishing features of the invention results in new important features of the
claimed subject matter. In particular the invention makes it possible to remotely determine the dielectric
permittivity of a moving, irregularly-shaped dielectric object. 15The applicant is not aware of any sources
of information which would provide any knowledge about the relationship between the distinguishing
features of the present invention and the achieved technical effect. New features of the claimed subject
matter outlined above demonstrate, in applicant's opinion that the subject matter of the invention complies
with the requi@Hrrentradiatonomdopsfessd? 0sBR | E B IESE RIBTd Odh©in & |&3tdiR ih mékegtolidwing, the

invention is explaingdiin ddailRd AR3CLIRNCRAf AR SEHTRIE WENRI AD%FGiRIENGRS Iadiglyes. 25 BEST
MODE OF CARRYING OUT THE INVENTION In order to demonstrate the method for determining the

dielectric perniiidty b dRUR GHYVS KRR YA SP TR Mk gPEG HEEPE F NeMBPH I GEHYAY was used to
mimic the hunshanBelhaaly driegiag bis thdligifrivtion-Préodanaanyditetdsa Idieldaiid abjiet ghdesefax) attached

to the body. Tite aeriiidhafrRercoeRBiNAGHY Latrr Binaitae dialesisia peimeitiinel tedepraswax. The

test dummy Witih he attack eq]. q(i]electric ob'g?ct was irradiated with coherent. microwave radiation at 14
.y electromagnetl eld _were gtran erre 0. .a CO%]QU'[?-I‘ V%ﬁgﬁ a Mmicropwave |masqe Wf’iS .
equidistant frequencies In the range of frequencies from 8o 12 z. Irradiation was performed using a

switched planfAREHHOdAAT MAtA HERA Jeriar edntIgEPatiBs of eGHRYVBYSHBRIS, ARG RORERTing of 256
primary emit_te_nsﬂhemeﬂtﬂoéedjﬁi@naiomaltbw@mqmm\quadm_recamxmmme@tsovtm:-s resenstd by two
parallel rece'\(\'/‘agjgé‘éﬂﬂ%lﬁsﬁygf%@8&%9&&16&&%Fi&ﬂ%l%ﬂ'&?tﬂ@é@t@?&\é‘%ﬁﬁ{éd&'&%ﬂé@o{é@“ the output

of 5 the receiving channels carresponding to the electrical component of the detected scattered
electromHineTRTR (FLFE Gran RV L=Y B SREP P Gremi RS AR VIS B1FHE S Lsing
focusing methibd (telretrienehirst @sdiriny. Efectpicnaw Datainedgesitgrtaspaigdeldstsiimly sanertiede
dimensional siitfésedaenedniiupoinsomrspeadindtkeehaimaxsionl vakierabinkeasstycetithe
reconstructed coniguiationef e scatisfers,pl e diclcetic shisetrd0and e slegtor, Sigultaneously
with irradiation by microwave ra!:ﬁat_ion, a video image o_lp{he dielectric 0 ject and %g retlec or was
obtained usind tRROURALHLFAMISING- SBRLH A1/ GRIVETIhTEPR SSORIRLS TS R{GeATEIeRIES: tRd¥hree
dimensianal videtirimagesef tiegeaetiswwitimtbe dieltoitss oje ceahy tircarefiecicirag plaoasitdacted. The
microwave imgge,and:ieieRAMEIRORR YRR IMAYRUHREEF RO VRHRF e AigenalR! mysiem of

coordinates. In this Fg articular case, the general system of coordinates was set b¥{?the antenna array

plane and an QQ?Sﬂﬂ)%Fﬂ)ré)ﬁ(ﬂjii@lﬂﬁ?%ﬂ YHEPI TS MR A AR IS SPRE RN R T RIS e image and
the three dimémsigalakb\vitiéo-thagistarge ketuperabdasahegehnviciPypstirdistion enitkassctitneotalue of Z1-
the distance hepwarR e SaHEge of Mickawaye radiatian ansldincsastianal adnisrewave mage of the
reflector,free of fhe diglectric obieet was determined, andhe, 20,415t r%%%ti%nb%ﬁt%en D& sQuree of
microwave radiation and the section of the microwave image of the reflsctor, where the dielectric object

was located, WaRI§etetififli§ClosiMGerfeIfidis!friHe QRSS! diataiteater h WRF SIAUNRTl c k@G adiation
source and theidedemageatye disthecdizlidetnieobjetmiaswate muizadn herdieledithe pervittady of the

object againsiihadaekatauiadial ey SHRFINES e REDIDRIEARMMNG B&IBHPBSBR against the

background of the reflector was determined from the relationship:
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In our particular example, the distances were the following:

Z,=122cm, Z, =128 cm, Z3 =112 cm,
and
30 € = 2.56.



25'. z1 - Z3 y In our particular example, the distances were the following: =122 cm, Z2 =128 cm, 4=
112 cm, and 30 = 2.56. 6 Based on the determined yglue of c for the inspected object, one can conclude
that this object does not belong to widely spread and currently used explosive compounds, such as TNT,
hexogen, tetryl or a plastic explosive. 5This method could also be used for other purposes, for example
for determining the physical characteristics of dielectrics used in electrical industry. INDUSTRIAL
APPLICABILITY 10For carrying out the invention known materials and equipment are used. Therefore, in
applicant's opBuesd thre theedetatnivahtiainecofrgptiesiveitingber ety vifje onetriecot andustelatie pidiceixlity. 7
CLAIMS 1A stheddar AstsEminyne Wik fielreticre ittty (e disissiricShipstaalisihe background

of a reflector, the method com Irlsm%i 5|rrad|a}t|n_g the dielecfric object with coherent microwave radiation
at N frequencits d&E9HY B SHAKIRMFRIBIT¥Sm the dielectric object and the reflector, whereby the
method further comprises: coherent processing of the detected signal and receiving a three dimensional

microwave image @fdinedliedartrinsebirctabd the s8fieciarposes, for example for determining the
physical characteristics of dielectrics used in electrical industry.

INDUSTRIAL APPLICABILITY
10 For carrying out the invention known materials and equipment are used. Therefore, in

applicant's opinion, the present invention complies with the requirement of industrial

applicability.



10additionally obtaining a video image of a region, where the dielectric object and the reflector are located
by using two or more video cameras, synchronized wjth the microwave radiation source; converting the
obtained video image into digital form and constructing a three dimensional video image of said region;
15converting the three dimensional video image and the microwave image into a general system of
coordinates; from the microwave image in the general system of coordinates determining the distance Z1
between the microwave radiation source and a section of the microwave image of the reflector that is free
of the dielectricLebijest, and the distance 4 between the microwave 20radiation source and the section of
the microwave image of the reflector in the section of the dielectric object; on the basis of the video image
determining in the general system of coordinates the distance 4 between the microwave radiation source
and the video image of the dielectric object; whereby 25the dielectric permittivity ¢ of the dielectric object
is determined from thenretlatibfvs igteaniddg H8 Yigiéctrk3pgrmittivity of a dielectric object against the

background of a reflector, the method comprising:
5 irradiating the dielectric object with coherent microwave radiation at N frequencies,

detecting the signal reflected from the dielectric object and the reflector, whereby the

method further comprises:

coherent processing of the detected signal and receiving a three dimensional microwave

image of the dielectric object and the reflector;

10 additionally obtaining a video image of a region, where the dielectric object and the reflector
are located by using two or more video cameras, synchronized with the microwave radiation

source;

converting the obtained video image into digital form and constructing a three dimensional

video image of said region;

15  converting the three dimensional video image and the microwave image into a general

system of coordinates;

from the microwave image in the general system of coordinates determining the distance Z;
between the microwave radiation source and a section of the microwave image of the
reflector that is free of the dielectric object, and the distance Z, between the microwave
20 radiation source and the section of the microwave image of the reflector in the section of the

dielectric object;

on the basis of the video image determining in the general system of coordinates the
distance Z; between the microwave radiation source and the video image of the dielectric

object; whereby

25  the dielectric permittivity € of the dielectric object is determined from the relationship:
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