1 METHOD FOR REMOTELY INSPECTING A TARGET IN A MONITORED AREA FIELD OF
INVENTION 5The invention belongs to the field of remote detection of concealed objects, particularly to
methods of detection of dielectric explosive compounds concealed under the clothes on a human body.
BACKGROUND OF THE INVENTION 10 Among the security issues in present time the problem of
detecting the so-called suicide bombs that are concealed on the body of a terrorist has a particular
importance. At present, mainly used methods for solving this task are based on the use of : metal 15
detectors, vapoEte@ntotR REMP TEAGHINSBERTING dOTSRSIET I diffebanT ORmENtdEmethods of inspection
of the human body are being developed, which are based on new physical principles: Nuclear
Quadrupole Resonance 'N%R Raman backscattering, dielectric portals, passive and active terahertz
range devices 165FRhd ﬂ%pection, passive millimeter range radars and active microwave portals.
20 The known methods do not provide a sufficient possibility for a remote and covert inspection, and

therefore sdo nat alawmttimednidastificaian #frtaatswisisteihporkencanddakjpadneastigsyadglisarm him
before he activat[?;]% &Q% feﬁ(é%lo ive evi?e. Anotf}er.maéor drawback of qé(i]stiﬂgem%hqgﬁ] is the lack of
the

possibility to etermine the ¢ elaPe% 8*ecF§rt1r(\';Ce?x Qfév%eoﬁlgtoeu&esdcggfeegt au%omatlcalfy ant grhfbh rate of

false alarms. THRIEPRABES it impossible to use them under real conditions for inspection of a large number
of people moving in a flow.  Hence, the task of detecting explosive devices carried by "suicide

bombers" reqgires thab SRS fol iR /ERBGHIG requirements are met: remote inspection; automatic

mode of inspection; detection of any types of objects (both dielectrics and conductors); implementation

of the in&Bection in real-time; 35- automatic determination the threat level of the detected object;
Among the security issues in present time the problem of detecting the so-called suicide

bombs that are concealed on the body of a terrorist has a particular importance.

At present, mainly used methods for solving this task are based on the use of: metal
15 detectors, vapor detectors, X-ray machines, police dogs, etc. In different countries methods
of inspection of the human body are being developed, which are based on new physical
principles: Nuclear Quadrupole Resonance (NQR), Raman backscattering, dielectric
portals, passive and active terahertz range devices for human body inspection, passive
millimeter range radars and active microwave portals.
20
The known methods do not provide a sufficient possibility for a remote and covert
inspection, and therefore, do not allow a timely identification of the “suicide bomber” and
taking measures to disarm him before he activates the explosive device. Another major
drawback of existing methods is the lack of possibility to determine the degree of danger of
25 the detected object automatically and a high rate of false alarms. This renders it impossible
to use them under real conditions for inspection of a large number of people moving in a

flow.

Hence, the task of detecting explosive devices carried by “suicide bombers” requires that
30 the following specific requirements are met:
- remote inspection;
- automatic mode of inspection;
- detection of any types of objects (both dielectrics and conductors);
- implementation of the inspection in real-time;

35 - automatic determination the threat level of the detected object;



2 possibility to perform a covert inspection; independence of the inspection on external conditions;
safety for the human being; possibility to assign the signal of danger to a specific person; 5- mobility of
the system and relatively low cost. There is a known method for detection of objects concealed under the
clothes, not only the metallic but also the non-metallic ones, for instance, of explosives concealed under
the clothes. By using a receiving antenna focused on a small area of the human body, 10
electromagnetic waves emitted by this area are received. Subsequently, by using a radiometer and a
processing unit coupleskitdlity; tihpeimben sityooéttiespeceored signal is measured and position of the beam is

recorded. The m@aSiH%ﬂéﬂ@ﬂé&%ﬂfméﬁﬁsb%%ﬁ&‘ﬁe&sé%ﬁldﬁcgm%&d in the form of luminescence intensity

of the display screen and by analyzing the distribution of the luminescence intensity, presence or absence
of metallic or 15nonHERAIRE BF;ELRAL 1% rtained, RU 2133971 CI. The disadvantage of this method is
low contrast of the reoedileityinageiretwisienthisf daadrydodoeenitic alitsana clear distinction between

non-metalic objectsangithehikmgsbadndreatndippapgigncy of the dielectric in the employed radiation
range. 20 Another known method for remote inspection of a target in a monitored area comprises

irradiation of this area with microwave radiation using two or more elementary emitters, recording the
signal reflecteBh s &M RBTEA GBI Biptisn g e st parardactsreinibech By, B8herent
processing of ihearaf @ateslssighalrmnchdispiayingsiHerdasaabn hinmerbsises resichadsuabgproeessing, see

US 5557283 AyJnittess gy ea?‘?i%’c%ﬁ%rﬁ%{)%e%‘ﬁﬂé?&ﬂé&ﬁ%ﬂ? )i areRlaced i MulRle pygliminary set

positions. The result of the inspection is based on the analysis of a three dimensional image resulting

from a difital BIFUOSLIYYE e aRIiStIUTEde R LB iA"BRoAD AREE RS WHETS SR e RV NG fhethod,
irradiation of theslinmogtto @t areprovgbsmicrovwaneipidigtion itheantersioubintiie gersned bagrblvidgth without

_correlating ?ts M’é@ﬁ&&’éﬁ%ﬁ%@ﬁi@ %PQI‘%@_'H&'?@'I&“FH&&H&B? m@%@@r@{ %éﬂ%ﬁﬁ%ia!ﬂ@ qlg@é;(?&prding time
interval durlngsiwhl?rilsa cohere(m rp{ﬁgefg%n%for the recorded {eflegt%g ﬁ,}lgnd% IAﬁgqg)ossmle. T(i}l%)lleads to the

. - a displaye uminescence Intensit screen an
following 35d|s§(r1'|vantageos:y
analyzing the distribution of the luminescence intensity, presence or absence of metallic or

15 non-metallic objects is ascertained, RU 2133971 C1.

The disadvantage of this method is low contrast of the received image because this method
does not allow a clear distinction between non-metallic objects and the human body due to
transparency of the dielectric in the employed radiation range.
20

Another known method for remote inspection of a target in a monitored area comprises
irradiation of this area with microwave radiation using two or more elementary emitters,
recording the signal reflected from the monitored area by using one or more parallel
recording channels, coherent processing of the reflected signal and displaying the data

25  obtained as a result of such processing, see US 5557283 A.

Emitters and receivers of the electromagnetic field are placed in multiple preliminary set
positions. The result of the inspection is based on the analysis of a three dimensional image
resulting from a digital processing of the radiation detected in broadband.
30

When implementing the method, irradiation of the monitored area with microwave radiation
is carried out in frequency bandwidth without correlating its width with the radial spatial
resolution of the monitored area image and the recording time interval during which a
coherent processing of the recorded reflected signal is possible. This leads to the following

35 disadvantages:



3 inability to use the method in case of a moving inspected object (target) because the motion of the
object during recording of the reflected signal changes the position of the object relative to receiving and
transmitting antennae. This violates the applicability condition for coherent processing of the recorded
signal. An incoherent 5 processing does not provide a good quality image when the trajectory of the
inspected object is unknown. Accordingly, the covert inspection of the object is not possible.  because
of low resolution of the image, it cannot be analyzed to deliver quantitative information regarding the
dielectric permittivityirefoilitg ©hjeetsdcostiparie nts@bianidiaggedpenedthigisce Gaigalphdcaassthéhere is a

known method for remate, INSRECINELCh @il ARy BPHECraf amaineivdinaragiaionpiibis area with

microwave radiation usmq%wo or more elementary microwave emitters, recor mg the reflected signal

d
from the monitored AP8a M¥HTG EHRYT dbrEFYaieI21S FERSTRHE%G FIFINRS o HiR e B olissing of the
recorded signal to obraifcahiéityheodditian ipntenkétievadiees sfinb@fdrorespute digmifiguincereshscatterers in

the monitgred area ipre@Rendeasss onthersliriancedamqgingiglemeptaiiemiterisaiectbs teragkand
displaying the information obtained.as a result pf such processing by constructing a microwave image in
the Torm of several e poGHec B AL SN R Bl MR L I AR R o
solution was used a8¥§ftotype for the present invention. The disadvantages of the method which

served as a p_rototyp&cﬁmeqaneweatdinue;ntbjnrgrmgg‘piﬂmwmcﬁﬁeafdvawz_iéﬂe$iéyi\m_f m:sﬁgni_al;reflected_
from the air-dielectrig, hatfleps &iﬁ?{"tﬂ% HeRIRO IR IGCIHE SRR Jielrriind R Bitiyity - 3, which

is typical for explosive compounds. Therefore, the signal reflécted from the dielectric-human body border
(- 90% ot the intensil§iPERFSHARIEERIVAREIS e three dimensional surface representing the physical
air-dielectric border and this, in turn, leads to errors when 30detecting the presence of an explosive

compound; aﬁ@@“%@ﬂﬁoﬁfnimﬁ)ﬁ%@&%%mmg&%%@ﬁ miﬁrﬁl\Uﬁi@é’&@i@HQHcﬁIdi’MBiCh the
radiation reflected from Qi dielectiG DRIARs AR PRigerdsdy ISP d9 Qdientary microwave
emitters, recording the reflected signal from the monitored area using one or more parallel
15 recording channels, a coherent processing of the recorded signal to obtain the maximum
intensity values of the reconstructed configuration of scatterers in the monitored area in
dependence on the distance from the elementary emitters to the target and displaying the
information obtained as a result of such processing by constructing a microwave image in
the form of several three dimensional surfaces, RU 2294549 C1.
20

The abovementioned technical solution was used as a prototype for the present invention.

The disadvantages of the method which served as a prototype of the present invention are
as follows:

25 - alow intensity of the signal reflected from the air-dielectric border — about 7% of the
intensity for dielectrics with dielectric permittivity ~ 3, which is typical for explosive
compounds. Therefore, the signal reflected from the dielectric-human body border (~
90% of the intensity) can significantly distort the three dimensional surface
representing the physical air-dielectric border and this, in turn, leads to errors when

30 detecting the presence of an explosive compound;

- asmall range of incidence and receiving angles of the microwave radiation at which
the radiation reflected from air-dielectric border can be recorded. This is due to the
fact, that the surface of the dielectric is usually sufficiently smooth in comparison to
the wavelength in the microwave range and scattering on the border acquires the



fact, that the surface of the dielectric is usually sufficiently smooth in comparison to the wavelength in the
microwave range and scattering on the border acquirgs the 4 character of specular reflection. Therefore,
this method can only be effectively implemented in a narrow range of possible angles of inspection.
DISCLOSURE OF THE INVENTION 5 The aim of the present invention is to improve the reliability of
determining the presence or absence of dielectric objects during a covert inspection as well as to expand
the range of possible angles of inspection. 10According to the invention, the method for remote inspection
of a target in a monittredcareaf cpepisesikeaitiatingsaidraresisvitietidrowawalyatiatkéfactisanyg two or

more elementary migrowave eMite Sirrow FERY AR Signaieiaricd frm the monitored area by one

or more parallel recording 15channels; coherent processing of the recorded signal to obtain the maximum
intensity values of the reconstructed configuration of scatterers in the monitored area in dependence on
the distance fildipCGHedI&n&titdiyemitte¥d Ifd\he target; and displaying the information obtained as a
result of stich processing by constructing a 20microwave image corresponding to a three dimensional

surface. In adgjfion, a.fideo Jaage oL Ae farget s oizifed sy e L mers videacameras which

are synchronlzeg with the microwave emitters; resulting ylae Image IS co verted to 1ts 8|rgital form
and the three #RfoRSiIBhAIRIREES RPISEE BHAB BargetisRRssHAULASIWEb ATl eHRvRABIE 58ARIYideo image
and the micropm@sliersgeane itrepestemed into a general system of coordinates; the distance | in the
general system of coordinates between the microwave image and the video image is determined; at 14,

where | is a defined threshold value of 1, absence of a concealed dielectric object at
10  According to the invention, the method for remote inspection of a target in‘a monitored area,

comprises
irradiating said area with microwave radiation using two or more elementary microwave
emitters;
recording the signal reflected from the monitored area by one or more parallel recording
15 channels;
coherent processing of the recorded signal to obtain the maximum intensity values of the
reconstructed configuration of scatterers in the monitored area in dependence on the
distance from the elementary emitters to the target; and
displaying the information obtained as a result of such processing by constructing a
20  microwave image corresponding to a three dimensional surface.
In addition, a video image of the target is obtained by using two or more video cameras
which are synchronized with the microwave emitters;
the resulting video image is converted to its digital form and the three dimensional video
image of the target is constructed,;
25 the three dimensional video image and the microwave image are transferred into a general
system of coordinates;
the distance | in the general system of coordinates between the microwave image and the
video image is determined,;
at I<l,, where |, is a defined threshold value of |, absence of a concealed dielectric object at
30 the target in an amount exceeding the maximum allowable value is ascertained; and
at I>l,, a further determination of the presence of cavities in the three dimensional
microwave image in regions where I>l, is performed,;

ho=zo~*/;"1

when the depth h of the cavity is greater than \/E ,




30the target in an amount exceeding the maximum allowable value is ascertained; and at 1>10, a further
determination of the presence of cavities in the three gimensional microwave image in regions where
1>Ic, is performed when the depth h of the cavity is greater than 5 where hO is the threshold value of h, ¢
is the value of the dielectric permittivity of the sought dielectric object; presence of the concealed
dielectric object at the target is ascertained. 5The applicant is not aware of any technical solutions that
are identical to the claimed subject matter. This suggests that the invention complies with the requirement
of novelty. Impleerehiadidre ofrtsb distadgelisting itehtuve i@ bthisel disdstion pesutisiin sfeke isopgitant features
of the claimedsubiget spatier. First of all, distortions of the three dimensional 10 surface representing the
physical air-dielectric baorder are removed, which si%nificantl decreases the possibility of an error when

determining pPEEEIHEE PO GORAERT DI ERAIBYRR TIRGIBIHRY'S 2SRt more, an additional use of a

three dimensional video image significantly expands the 15range of possible angles of inspection, which
is particulgrly relexppictat & ¢ovardrsgesiaBeniRlRRitHNat uaiePirny saimeasafjdaformation
which would proy tiéjreﬁlﬁvslﬁnogvgt%qge‘%bqu{\; etht?oreclgtiﬁllesgi It%;[\év?een.Fh% 9i§g{‘,90l{,ieﬁ|{'in9 features of the
present invention and the achieved technical effect. New features of the claimed sﬂ/bject matter
20outlined above demonstrate, in applicant's opinion that the subject matter of the invention complies with

the requirememntgémentstibri@fishestdistinguishing features of the invention results in new important
features of the claimed subject matter. First of all, distortions of the three dimensional

10 surface representing the physical air-dielectric border are removed, which significantly
decreases the possibility of an error when determining presence (or absence) of an

explosive compound.

Furthermore, an additional use of a three dimensional video image significantly expands the

15 range of possible angles of inspection, which is particularly relevant for a covert inspection.

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
20 outlined above demonstrate, in applicant's opinion that the subject matter of the invention

complies with the requirement of non-obviousness.
BRIEF DESCRIPTION OF FIGURES

25 In the following, the invention is explained by a detailed description of an example without
any references to figures.

BEST MODE OF CARRYING OUT THE INVENTION

30 To carry out remote inspection of a target in a monitored area this area is successively
irradiated by microwave radiation at 14 set equidistant frequencies in the range of 8-12
GHz. The irradiation is carried out by using elementary emitters, which, in this particular
example, are represented by a switched antenna array consisting of 256 elementary
emitting antennas. The signal reflected from the monitored area is recorded in this example

35 by two parallel channels including two broadband Vivaldi antennas and two receivers. From



BRIEF DESCRIPTION OF FIGURES 25In the following, the invention is explained by a detailed
description of an example without any references to figures. BEST MODE OF CARRYING OUT THE
INVENTION 30To carry out remote inspection of a target in a monitored area this area is successively
irradiated by microwave radiation at 14 set equidistant frequencies in the range of 8-12 GHz. The
irradiation is carried out by using elementary emitters, which, in this particular example, are represented
by a switched antenna array consisting of 256 elementary emitting antennas. The signal reflected from
the monitoredcarpatdsof ecordechiershie eleamplec3pbydingptp analtetohiad rsiadhate diagstevettoadband
Vivaldi anten%mugwméec@éwerén@%s@@J&@H{ésefof&s Ee&%‘éﬁ&‘kéh%ﬁiﬂﬂa@%%%&%%egéo the

recorded signal are transferred to a computer, where cohere a.#orocessmgf of these data is undertaken
S

and image of & tdg8EISHItTh HE SIGE SIRRAYARPEE HHRSHs SISISU0f e RUNSISHNE of points
which correspemitesoahe ten@gimaxmivtenitnshakade o dilieereasonstiuptedd ediigriieniohsodiseratierers 5 in
the monitgredigiga iﬂo@l%}@ﬂdﬁ‘é’&%%H@ﬁdéi%@ﬂﬁﬁtﬂ@ﬁ%t&ﬂ:@'ﬁ%@ﬂié%@ﬁ@ﬁﬁ@ teniherdasomkUsing
additionally two Vi video cameras, in the present example SDU-415, that were spatially separated and
synchronized With the microwave emitters, a video image of the target was 10 received, which was then
converted to a digital form. The three dimensional video image of the target is reconstructed using a
computer andubisgiaaiij@tatiyras watbastie ayioroheape senageaarns SOVRAET] into \geneaatisyigtem of
coordinates. g SelemaiGARNFRRLES. RS0 e BN E-AhdRe 0600 Aalay aRe AR adseerpendicular

to it. At this point, the distance | in the ?P({enera system of coordinates between the microwave image and

the videdImageeRVefls WNERHAR SN COBNETtRIARILMPURL (R 16 HIGe SBPRISRRLY d5 B9 mum
permissible artheuatast kriesgpRisivedisivotAcovnyiriand iisemag¢latabsemed af tenméicivdidielectric

objects in an amEUirexereeiRg the madimalatiawablasaliae theet@yaemsoamﬂmg idfsbp 10, there is
further deter |n'%|on of the ﬁresefe cn%%frr%a\grt]l S |n tpse tr#r%nfdlnpaerqsqn tﬂ]lcrol\(]vta%e |5n e |q regions
where 1>10. e de e cavity a)i Ipﬁ.'g i Where s the threshold
value of the cdV fV d’éﬂﬂﬁah%%rﬁ@ 9&%@%@%@@&% ﬂé‘?FﬂWﬁVﬂW%é%@@MQﬁ%I@&H% Bbject,
presenca®f thizteanicedldgd dietetirisialijecilad ibfel tangei isoasspotais ed theomaastco pemossiekplosive

compounds t%\é%h{eopéﬁh&ﬂ'@é%t%@%@'H(B\%%lﬁrd%@ %PQPthe&Bé@ﬁcg'm%ﬁ@&?édrﬂi%%%tﬂé the

air-dielectric and dielectric-human body borders are reconstructed on the basis of different physical

principles (the’ M55 bR AR HiRIERS @%6@8@?%'%8“%%?@@'&'&ﬁbtb/?dtgegatalﬁaa?ﬁ%rWGe Bf the
dielectric-humlal, Bberg bortiehes katemstreistedlidhngpresencedofetrudied imitreviiee digeabienal distortion of

the air-dielectficrowave image in regions where I>l,. When the depth h of the cavity is greater than
Ve -1
ho = ZO : \/__
20 €

where h, is the threshold value of the cavity depth h, € is the value of the dielectric

permittivity of the sought dielectric object, presence of the concealed dielectric object at the
target is ascertained. For most common explosive compounds the value of the dielectric
permittivity € = 3.
25
Since the three dimensional image of the air-dielectric and dielectric-human body borders
are reconstructed on the basis of different physical principles (the image of the air-dielectric
border is reconstructed using video data, the image of the dielectric-human body border is
reconstructed using received reflected microwave signal) the distortion of the air-dielectric
30 border by the reflected microwave signal is excluded. Therefore, the possibility of an error in

determining the presence (absence) of an explosive compound is significantly decreased.



30border by the reflected microwave signal is excluded. Therefore, the possibility of an error in
determining the presence (absence) of an explosive gompound is significantly decreased. 7 Moreover,
since not the microwave radiation is used for reconstructing the air-dielectric border but the video image is
used instead, the surface smoothness of the dielectric plays no role and, accordingly, the range of
possible angles of inspection on an object is expanded. 5 INDUSTRIAL APPLICABILITY For carrying
out the invention known materials and equipment are used. Therefore, in applicant's opinion, the present
invention comigbesowdth sineerequitiesneitt @fane ustfialdhOapydhliolitye c@isliMiBgl the naettietk doicremote
inspection of %6?&&%&&%%@%%@“@%5@69ﬁ&%ﬁ&o%é%%ﬁ%éséﬂ%d{ﬁﬁ@é%@%éad@@&% \eagpsmlcrowave

radiation using two or more elementary microwave emitters; recording the signal reflected from the
moritored arePo B ET: A BaRIA ol - RETRILTS ABESH & R Lol G Mo Borded signal
to obtain the rexpdntigh intensity values of the reconstructed configuration of scatterers in the monitored
area in degpendence on the distance from the elementary emitters to the target; and displaying the
information oq J,-idr c,ogﬁﬁkjﬁq{processmg by constructing a microwave image corresponding to
a three dimensio ace aracterized in that 15a video image of the target is additionally obtained by
using two or more video cameras which are synchronized with the microwave emitters;

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
10  applicability.



the resulting video image is converted to its digital form and the three dimensional video image of the
target is constructed; the three dimensional videogimage and the microwave image are transferred
into a general 20system of coordinates; the distance | in the general system of coordinates between the
microwave image and the video image is determined; at 14, where | is a defined threshold value of 1,
absence of a concealed dielectric object at the target in an amount exceeding the maximum allowable
value is ascertained; and 25at 1>10, a further determination of the presence of cavities in the three
dimensional microwave image in regions where 1>Ic, is performed when the depth h of the cavity is
greater than V-Z- -1 110 =10 16:, where ho is the threshold value of h, e is the value of the dielectric
permittivity of chaasight dielectric object; 30presence of the concealed dielectric object at the target is
ascertained.
1. A method for remote inspection of a target in a monitored area, the method
5  comprising:
irradiating said area with microwave radiation using two or more elementary microwave
emitters;
recording the signal reflected from the monitored area by one or more parallel recording
channels;
10 coherent processing of the recorded signal to obtain the maximum intensity values of the
reconstructed configuration of scatterers in the monitored area in dependence on the
distance from the elementary emitters to the target; and
displaying the information obtained as a result of such processing by constructing a
microwave image corresponding to a three dimensional surface, characterized in that
15 a video image of the target is additionally obtained by using two or more video cameras
which are synchronized with the microwave emitters;
the resulting video image is converted to its digital form and the three dimensional video
image of the target is constructed,;
the three dimensional video image and the microwave image are transferred into a general
20  system of coordinates;
the distance | in the general system of coordinates between the microwave image and the
video image is determined;
at I<l,, where |, is a defined threshold value of |, absence of a concealed dielectric object at
the target in an amount exceeding the maximum allowable value is ascertained; and
25 at I>l,, a further determination of the presence of cavities in the three dimensional

microwave image in regions where I>l, is performed,;

ho=zo~*/;"1

when the depth h of the cavity is greater than \/E ,
where h, is the threshold value of h, ¢ is the value of the dielectric permittivity of the sought
dielectric object;

30 presence of the concealed dielectric object at the target is ascertained.



