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METHOD FOR DETERMINING THE DIELECTRIC PERMITTIVITY OF A DIELECTRIC 

OBJECT 

 

 

FIELD OF INVENTION 5 

 

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

remote measurement of the dielectric permittivity of dielectrics. 

 

BACKGROUND OF THE INVENTION 10 

 

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 

of the wave transmitted at an angle and determining the dielectric permittivity. By changing 15 

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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where λo - free-space wavelength; λb - wavelength in the double-armed emitter;  20 

∆ - period of amplitude “zero” for the transmitted wave, and angle Θ is chosen according to 

the relationship 

, 

where dk - maximum size of the emitter’s arm, see USSR Patent No. SU 1800333 A1. 

 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 
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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 reflected 

from the dielectric object and the reflector is registered. The detected signals are converted 

in the time domain. Peak temporal components in the temporal spectrum are determined 5 

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: 

 10 

 

 

where i - the number of the layer; εi and εp - dielectric permittivity of layers i and p; ε1 - the 

dielectric permittivity of the medium in which probing and receiving of signals is performed; 

∆li - thickness of i-layer; 
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first and second layers to the points from which probing is performed and the signal 

receiving points respectively; 
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θ  is angle of received signal reflected from the border 

between layers i and i+1, c - 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 layers i 

and i+1, and d - projection on the probe surface of the distance between the point of 20 

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 

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

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
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and air, or a physical body, on which the tested dielectric object is placed, serve as the reflectors. The
signal reflected from the dielectric object and the reflector is registered. The detected signals are
converted 5 in the time domain. Peak temporal components in the temporal spectrum are determined 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: 10 17 Ai le
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solely for custom-made objects with required features. Moreover, this method also requires 

that the angles of incidence and reflection of the microwave radiation towards the dielectric 

object are well-defined.  

 

The aforementioned renders it impossible to use this method in practice for determining 5 

dielectric permittivity of a moving and hidden object with non-parallel layers or sides, 

particularly for covert detection of the presence of dielectric explosive compounds hidden on 

a human body. It is known that dielectric permittivity of the vast majority of such compounds 

lies between 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,  

coherent processing of the detected signal and receiving a three dimensional microwave 20 

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; 

converting the obtained video image into digital form and constructing a three dimensional 25 

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 Z1 

between the microwave radiation source and a section of the microwave image of the 30 

reflector that is free of the dielectric object, and the distance Z2 between the microwave 

radiation source and the section of the microwave image of the reflector in the section of the 

dielectric object; 

E  N  C geLl where i - 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; ,A1= 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, c - 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 layers i 20and 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 Cl.   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 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.
Moreover, this method also requires that the angles of incidence and reflection of the microwave radiation
towards the dielectric object are well-defined. 5The aforementioned renders it impossible to use this
method in practice for determining dielectric permittivity of a moving and hidden object with non-parallel
layers or sides, particularly for covert detection of the presence of dielectric explosive compounds hidden
on a human body. It is known that dielectric permittivity of the vast majority of such compounds lies
between 2,9 - 3,1. 10 
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on the basis of the video image determining in the general system of coordinates the 

distance Z3 between the microwave radiation source and the video image of the dielectric 

object; whereby 

the dielectric permittivity ε of the dielectric object is determined from the relationship: 
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 5 

 

The applicant is not aware of any technical solutions which are identical to the claimed 

subject matter. This suggests that the invention complies with the requirement of novelty. 

 

Implementation of the distinguishing features of the invention results in new important 10 

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.  

 

The applicant is not aware of any sources of information which would provide any 15 

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 

body serving as the reflector. The dummy had a dielectric object (beeswax) attached to the 30 

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 

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,
20coherent 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; 25converting 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 Z1  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 4 between the
microwave radiation source 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 permittivity c of the dielectric object is determined from the relationship: 56= Z2 Z3 '. z1 - Z3
y The applicant is not aware of any technical solutions which are identical to the claimed subject matter.
This suggests that the invention complies with the requirement of novelty. 
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GHz. Irradiation was performed using a switched planar antenna array with hexagonal 

configuration of emitting elements, and consisting of 256 primary emitters. The reflected 

signal, in the form of two quadrature components, was received by two parallel receiving 

channels and detected by 12-digit analog-to-digital converters. The data from the output of 

the receiving channels corresponding to the electrical component of the detected scattered 5 

electromagnetic field were transferred to a computer, where a microwave image was 

formed using focusing method (coherent processing). The microwave image corresponded 

to only one three dimensional surface formed with points corresponding to the maximal 

values of intensity of the reconstructed configuration of the scatterers of the dielectric object 

and the reflector. Simultaneously with irradiation by microwave radiation, a video image of 10 

the dielectric object and the reflector was obtained using two digital spatially-separated 

video cameras SDU-415. Using this data, the three dimensional video image of the section 

with the dielectric object and the reflector was constructed. The microwave image and the 

three dimensional video image were converted into a general system of coordinates. In this 

particular case, the general system of coordinates was set by the antenna array plane and 15 

an axis perpendicular to it and intersecting the antenna at its center. The microwave image 

and the three dimensional video image were analyzed in the general system of coordinates. 

The value of Z1 – the distance between the source of microwave radiation and the section of 

the microwave image of the reflector, free of the dielectric object was determined, and the 

distance Z2 between the source of microwave radiation and the section of the microwave 20 

image of the reflector, where the dielectric object was located, was determined. Using the 

video image the distance Z3 between the microwave radiation source and the video image 

of the dielectric object was determined. The dielectric permittivity of the object against the 

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

 

Z1 = 122 cm, Z2 = 128 cm, Z3 = 112 cm,  

and  

ε = 2.56.  30 

 

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 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  5 GHz. Irradiation was performed using a
switched planar antenna array with hexagonal configuration of emitting elements, and consisting of 256
primary emitters. The reflected signal, in the form of two quadrature components, was received by two
parallel receiving channels and detected by 12-digit analog-to-digital converters. The data from the output
of  5 the receiving channels corresponding to the electrical component of the detected scattered
electromagnetic field were transferred to a computer, where a microwave image was formed using
focusing method (coherent processing). The microwave image corresponded to only one three
dimensional surface formed with points corresponding to the maximal values of intensity of the
reconstructed configuration of the scatterers of the dielectric object  10 and the reflector. Simultaneously
with irradiation by microwave radiation, a video image of the dielectric object and the reflector was
obtained using two digital spatially-separated video cameras SDU-415. Using this data, the three
dimensional video image of the section with the dielectric object and the reflector was constructed. The
microwave image and the three dimensional video image were converted into a general system of
coordinates. In this  15 particular case, the general system of coordinates was set by the antenna array
plane and an axis perpendicular to it and intersecting the antenna at its center. The microwave image and
the three dimensional video image were analyzed in the general system of coordinates. The value of Z1-
the distance between the source of microwave radiation and the section of the microwave image of the
reflector, free of the dielectric object was determined, and the  20 distance 4 between the source of
microwave radiation and the section of the microwave image of the reflector, where the dielectric object
was located, was determined. Using the video image the distance 4 between the microwave radiation
source and the video image of the dielectric object was determined. The dielectric permittivity of the
object against the background of the reflector was determined from the relationship:  
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Based on the determined value of ε 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.  

 

This method could also be used for other purposes, for example for determining the 5 

physical characteristics of dielectrics used in electrical industry.  

 

INDUSTRIAL APPLICABILITY 

 

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

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

applicability.  

 

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 value 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 opinion, the present invention complies with the requirement of industrial applicability.  7
CLAIMS 1.A method for determining the dielectric permittivity of a dielectric object against the background
of a reflector, the method comprising: 5irradiating 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; 
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CLAIMS 

 

1.  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, 5 

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; 

additionally obtaining a video image of a region, where the dielectric object and the reflector 10 

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; 

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

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 dielectric object, and the distance Z2 between the microwave 

radiation source and the section of the microwave image of the reflector in the section of the 20 

dielectric object; 

on the basis of the video image determining in the general system of coordinates the 

distance Z3 between the microwave radiation source and the video image of the dielectric 

object; whereby 

the dielectric permittivity ε of the dielectric object is determined from the relationship: 25 
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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 with 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 dielectric object, 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 c of the dielectric object
is determined from the relationship: e- Z2 - Z3 '. z1 - Z3 y 


