009/055728 A1 |00 00 0 00 00 O 0O

(@

WO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

‘ﬂb A0 0 OO

(10) International Publication Number

WO 2009/055728 Al

(51) International Patent Classification: (74) Agents: ORRICK HERRINGTON & SUTCLIFFE
GO1S 13/00 (2006.01) LLP et al.; 4 Park Plaza, Suite 1600, Irvine, California
92614-2558 (US).

(43) International Publication Date
30 April 2009 (30.04.2009)

(21) International Application Number:
PCT/US2008/081200 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: 24 October 2008 (24.10.2008) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,

(25) Filing Language: English IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
. . LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,

(26) Publication Language: English MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

(30) Priority Data: TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
60/982,235 24 October 2007 (24.10.2007) US TW.

(71) Applicant (for all designated States except US): KIRSEN  (84) Designated States (unless otherwise indicated, for every
TECHNOLOGIES CORPORATION [US/US]; 2029 kind of regional protection available): ARIPO (BW, GH,
Channing Way, Apt. 1B, Berkeley, California 94704 (US). GM, KE, LS, MW, MZ, NA, SD, SL., SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

(72) Inventor; and European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

(75) Inventor/Applicant (for US only): MOSTOYV, Kirill FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
[US/US]; 2029 Channing Way, Apt. 1B, Berkeley, Cali- NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
fornia 94704 (US). CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: A SYSTEM AND METHOD FOR SPACE CONTROL AND REMOTE MONITORING

-~ 100

14

TAReRRE T T T T T T T T TS T T T oo s o m oo me s oo 1
] e 1
: 11 18 1
1 N Tt
i .L, Rect —— gprq Frammg:;_jr> 118 120
i e L
I & _——— - [t
Lo I N (T £ I, i
T A R 3
! 12 L 1 H
| I |Framing : =
: }——- A1 Rec2 s FFT2 F— o] Z
. I I N iR O
L2 1 B 12 16 1O ~
jobopuininfuinbodelupetatelepetuiubepepets Nupstubeupubeboirbet subioieiettiots mpbesppptppptattpatatasill ) O
I Antenna 3 [ H Sl
i Noas 16 i < >
! ‘ o o hom =
! I H i
I »fﬂ Splitter — Rec3 FFT31 Framing | | 0 ;OU
i o] L i
L2 e WM !
rTxF:e'n_nEZ_"_ TTTTETTmTEe T "' """ R H
i Vo 17 ! 114 Digital |
! T ‘ "7 Processing !
I : | Unit
i //\4— Transmitter ;4— Fmod i
| [

]

} Vibration compensation

| .  block

Fig. 1 e

(57) Abstract: A system and method for space control and remote monitoring is disclosed. According to one embodiment, a fre-
quency modulated signal is emitted from a radioscopic device having an antenna. The frequency of the reflected signal from a target
is compared with the emitted frequency modulated signal to obtain a low-frequency signal. The low-frequency signal is processed
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A SYSTEM AND METHOD FOR SPACE CONTROL AND REMOTE MONITORING

FIELD

[0001] The field of the invention relates generally to object monitoring and detection systems
and more particularly relates to devices for remotely detecting and monitoring concealed

objects.

BACKGROUND

[0002] One of the major problems associated with providing safety is the control of a limited
space in order to detect movements of people having hostile intentions with weapons or
explosive devices. Safety has become more and more important, and there is an increasing

need for a device that could fully control limited space.

[0003] Previous detection methods are based on video cameras and sensors such as thermal
sensors and metal detectors. Video cameras only detect targets within a certain range, and
sensors can only provide limited information about the detected target. Conventional imaging
and sensor systems cannot detect targets that are hidden behind walls. Those systems are
stationary, thus have to be installed in preliminarily selected places. Systems that use cameras

may not be secretly installed; thus, they are much less effective than concealed ones.

[0004] Automatic detection of concealed bombs and weapons has become more and more
important. Most known systems for detecting the presence of explosive devices and weapons
are electromagnetic-based and require a subject to pass through a fixed passageway. When
metallic objects pass through the passageway, a warning signal is activated if a change in the
magnetic flux is detected. Electromagnetic-based systems either detect or fail to detect a metal
object; thus they make no determination relative to the amount of metal present. Non-threat

objects such as keys, jewelry, watches, and metal-framed eyeglasses may trigger a false alarm.

[0005] The above-described devices and systems can register weapons and explosive devices,
but they do not detect the emotional state of the person who is carrying suspicious objects,
which is very important in automated systems. Emotional state recognition is based on the

heart and breathing data of a subject.
SUMMARY

[0006] A system and method for space control and remote monitoring is disclosed. According
to one embodiment, a frequency modulated signal is emitted from a radioscopic device having
an antenna. The frequency of the reflected signal from a target is compared with the emitted
frequency modulated signal to obtain a low-frequency signal. The low-frequency signal is
processed to form signal pulsations spectrum using a fast Fourier transform. Each spectrum

frequency represents a distance to the target.
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[0007] The above and other preferred features, including various novel details of

implementation and combination of elements will now be more particularly described with
reference to the accompanying drawings and pointed out in the claims. It will be understood
that the particular methods and apparatus are shown by way of illustration only and not as
limitations. As will be understood by those skilled in the art, the principles and features

explained herein may be employed in various and numerous embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are included as part of the present specification,
illustrate the presently preferred embodiment of the present invention and together with the
general description given above and the detailed description of the preferred embodiment given
below serve to explain and teach the principles of the present invention.

[0009] Figure 1 illustrates a block diagram of an exemplary radioscopic device (RSD),
according to one embodiment;

[0010] Figure 2 illustrates a flow chart of an exemplary RSD, according to one embodiment;
[0011] Figure 3 illustrates an exemplary process for determining the distance to a target,
according to one embodiment;

[0012] Figure 4 illustrates an exemplary signal reflected from multiple objects, according to
one embodiment;

[0013] Figure 5 illustrates an exemplary orientation diagram of channel 122 for determining
the azimuth of a detected target, according to one embodiment;

[0014] Figure 6 illustrates a triangulation method for calculating the azimuth 0 to a target,
according to one embodiment;

[0015] Figures 7-9 illustrate variants of RSD 100 with a special feature for manual scanning,
according to one embodiment;

[0016] Figure 10 illustrates a flow chart of an exemplary weapon detection process, according
to one embodiment;

[0017] Figure 11 illustrates an exemplary scanned signal containing heart and respiration rate
information, according to one embodiment;

[0018] Figure 12 illustrates a flow chart of an exemplary process to determine psycho-
physiological parameters, according to one embodiment; and

[0019] Figure 13 illustrates an exemplary waveform describing heart-muscle operation,
according to one embodiment.

[0020] It should be noted that the figures are not necessarily drawn to scale and that elements
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of similar structures or functions are generally represented by like reference numerals for

illustrative purposes throughout the figures. It also should be noted that the figures are only
intended to facilitate the description of the various embodiments described herein. The figures
do not describe every aspect of the teachings described herein and do not limit the scope of the

claims.

DETAILED DESCRIPTION

[0021] A system and method for space control and remote monitoring is disclosed. The
present system and method detects and identifies suspicious objects hidden under clothes or in
luggage. The device also presents a high-resolution radio image of targets of interest for
manual analysis. The present system and method measures physiological parameters and

psycho-physiological information of a target subject by remote detection of a hostile intent.

[0022] In the following description, for the purposes of explanation, specific nomenclature is
set forth to facilitate an understanding of the various inventive concepts disclosed herein.
However, it will be apparent to one skilled in the art that these specific details are not required

in order to practice the various inventive concepts disclosed herein.

[0023] The present system and method also relates to apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a computer-
readable storage medium, such as, but is not limited to, any type of disk including floppy disks,
optical disks, CD-ROMs, and magnetic-optical disks, read-only memories, random access
memories, EPROMs, EEPROMSs, magnetic or optical cards, or any type of media suitable for

storing electronic instructions, and each coupled to a computer system bus.

[0024] The methods presented herein are not inherently related to any particular computer or
other apparatus. Various general-purpose systems may be used with programs in accordance
with the teachings herein, or it may prove convenient to construct more specialized apparatus
to perform the required method steps. The required structure for a variety of these systems will
appear from the description below. In addition, the present invention is not described with
reference to any particular programming language. It will be appreciated that a variety of
programming languages may be used to implement the teachings of the invention as described
herein.

[0025] According to one embodiment, the present system detects the presence of moving and
motionless, but breathing people, even behind obstacles, the presence of explosive device s and

weapons, the presence of people with hostile intend, and remotely determines physical
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parameters and emotional state of the traced person or patient. For example, objects of a larger

size such as a suicide belt with metal parts may be detected at distances of up to 50 meters.

According to one embodiment, the present system is used as a hand held device, allowing to

use under field conditions.

[0026] The present system detects a subject, motionless or moving, or behind obstacles,
effectively detects weapons and bombs that the subject carries, and determines the azimuth and
distance to a threatening target. Also the present system remotely detects psycho-physiological
information of a traced subject with a hostile intent. According to one embodiment, the present
system may be used in a hospital as a remote cardiac monitor or as a multifunctional device for
measuring physiological parameters such as heart rate, breath rate, vasomotorial functions,
muscle tone, oxygen saturation, and sweating. The present system is mobile without requiring

installation, thus can be easily used under field conditions or in transport.

[0027] Figure 1 illustrates a block diagram of an exemplary radioscopic device (RSD),
according to one embodiment. RSD 100 includes three channel receiving channels 121-123,
transmitting channel 124, solver 118, and indicator 120. Different numbers of receivers and
transmitters may be used without deviating from the scope of the present subject matter.
Transmitting channel 124 includes frequency modulator 114, transmitter 17, and antenna 14
with vertical polarization. Probing signals are modulated by frequency modulator 114 and
transmitted to transmitter 17. The modulated probing signals from transmitter 17 is transmitted
via antenna 14. Channel 122 has antenna 12 with vertical polarization, difference diagram 13,
microwave frequency receiver 19, fast Fourier transformation (FFT) block 112, and framing
block 116. Channel 123 has antenna 13 with vertical polarization, splitter 16, microwave
frequency receiver 110, FFT block 113, and framing block 117. Channels 122 and 123 are
used for azimuth determination. Channel 123 is also responsible for distance determination.
According to one embodiment, channel 122 is required to determine azimuth to the target. If
channel 122 is not enabled, splitter 16 in channel 123 is not necessary. Channel 121 has
antenna 11 with horizontal polarization, microwave frequency receiver 18, FFT block 111, and
framing block 115. Channel 121 is required to detect weapons. If channel 121 is not enabled,
polarization of antennas 12 and 13 is not necessary. Although FFT blocks 111-113 are shown
in the present example, it is appreciated that other frequency-based transformation may be used
without deviating the scope of the present subject matter.

[0028] Figure 2 illustrates a flow chart of an exemplary RSD, according to one embodiment.
Figure 3 illustrates an exemplary process for determining the distance to a target, according to

one embodiment. Referring to Figure 1, antenna 14 of RSD 100 with vertical polarization
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starts radiating linear modulated signal F" that was received from transmitter 17. The central

frequency of the reflected signal received by receiving antennae 11-13 is correlated with the
best cinderblock penetration at a minimal size of RSD 100. In one embodiment, the central
frequency of 2.4 GHz is used for best cinderblock penetration, but it is appreciated that other
frequencies may be used without deviating the scope of the present system and method.
Receiving antennae 11, 12, and 13 receive the reflected signal. The central frequency of the
emitted signal, for a given the size of RSD 100, is selected to monitor targets through walls of
various types, thicknesses, and materials.

[0029] According to one embodiment, RSD 100 detects breathing live targets that are moving
or motionless, such as a human or an animal. Live targets are detected based on the signal
from antenna 13. The received signal F* from antenna 13 is subtracted with the transmitting
signal F', and the resulting low frequency signal is sent to FFT module 113. The result of
FFT is saved in framing block 117. In the next step, a new frame is saved, and the neighbor
frames are subtracted as illustrated in Figure 4. Peaks on the resulting spectrum is correlated
with moving targets.

[0030] Figure 4 illustrates an exemplary signal reflected from multiple objects, according to
one embodiment. When a target is found with a distance information, azimuth and biological

parameters of the detected target are obtained.

[0031] When RSD 100 is used in a “free hand,” it experiences fluctuations, which generates a
false movement of the target. In order to eliminate (or indemnify) of false movements,
vibration compensation block (VCB) 119 is used. VCB 119 detects the fluctuation of RSD

100 and sends the data to solver 118 for signal compensation.

[0032] According to one embodiment, VCB 119 contains an accelerometer and a magnetic
sensor. Accelerometer is used to determine the frequency spectrum of “linear fluctuation™ of
RSD 100. Angular turns of RSD 100, however, change the vector of gravitation. Therefore,
the magnetic sensor is used to determine the angular turn indicated by parasitic components of
the vector of gravitation. The calculated parasitic components of the vector of gravitation are

used to compensate the signal obtained by the accelerometer.

[0033] According to one embodiment, the distance to a live target is calculated as illustrated in
Figure 3. RSD transmitter 17 radiates microwave signal F’ with the frequency sweeping from
F1 to F2 within time period Ty. The emitted signal from the target at distance R is received by
receiving antennae 11-13. The emitted signal has frequency F with a time delay, = 2*R/c,

where c is the speed of light in air. Frequency Fp, the difference of frequency F'and F* during

time tl, is determined by the following equations:
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[0034] Figure 5 illustrates an exemplary orientation diagram of channel 122 for determining
the azimuth of a detected target, according to one embodiment. RSD 100 determines the
azimuth of the target after calculating the distance R to the target. Framing block 116 analyzes
the amplitude of the frequencies at which the targets were detected. D is the distance between
antenna 12 and 13 and, lambda is the wave length. Axis x is the degree from normal line of
antenna 13.
[0035] Within £30° sector value of the signal is proportional to the azimuth of the target.
When the distance between the antennas becomes smaller, the spectrum width increases while

the slope of the curve decreases.

A
[0036] The azimuth of the target is determined based on the turnstile characteristic P = —-,

K
where Aj and Ay are the magnitudes of signals at frequencies calculated from channels 122 and
123. P defines the azimuth sign and does not depend on the distance R or the effective radar
cross section. On linear part of the orientation diagram Figure 5 azimuth ¢ is determined

by =S P, where S is the slope of curve of the turnstile characteristic P.

[0037] The above-described method for calculating the azimuth of the target is simple, but is
limited to the cases when the distance to the target is significantly bigger than distance between
the antennas.

[0038] According to one embodiment, Also there is another more precise method of azimuth
determination. High accuracy of distance measurement (r.m.s. error 1 cm) allows determining
azimuth with desirable accuracy when distance between antennae is about 20 cm. Separation is
limited by the device dimensions.

[0039] Figure 6 illustrates a triangulation method for calculating the azimuth 0 to a target,
according to one embodiment. The difference of the distance to the target, AR, from antenna
11 and antenna 12 causes the phase of the received signals exhibit a delay by:

6
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where k = 2 , Ais the wave length of the received signal.

The azimuth & is calculated with known values of Ag and 1.

[0040] Figures 7-9 illustrate variants of RSD 100 with a special feature for manual scanning,
according to one embodiment. Manual scanning is accomplished by rotating RSD 100 while
pressing it against a spatial reference such as a wall.

[0041] According to one embodiment, a magneto-resistive magnetic sensor is used for rotation
angle measurement. Magnetic sensors measure two basic components: earth magnetic field M

independent of the device position and the parasitic magnetic field of the ambient environment

rigidly linked with the orientation of RSD 100, M{, M}, M.

[0042] The orientation of RSD 100 with respect to vector M =M%, M}, M is determined
based on the implementation of the following procedures. Initial calibration is performed to
determine the components of vector M. The components of vector M may be fine tuned
before the scan or when RSD 100 is turned on. In order to account for the parasitic
components of vector M, the angular parameter @ with respect to the earth magnetic vector is
defined.

[0043] According to one embodiment, RSD 100 detects weapons. The presence of weapons is
based on a depolarized analysis of the signal reflected from a target. The depolarized signal
received by antennae 11-13 of RSD 100 with horizontal and vertical polarization is analyzed to

determine the carriage of concealed weapons and shrapnel.

[0044] The reflected signal reflected from a target has two major components: a diffusive
background and bright dots. The background may appear diffused because of the target’s
surface roughness. The contribution of bright dots is greater than that of the diffusive
background signal within the reflected depolarized signal. Maximum depolarization occurs
when the size of the observed small elements is half of the wavelength of the probing signal.
Small elements may be the shrapnel in a suicide belt, or bolts, ball-bearings, nuts, nails,
fragments of metallic pieces. For example, if the frequency of 50 GHz is used, the wavelength

is about 6 mm. Small elements of the size of 3 mm exhibit a maximum depolarization effect.

[0045] Polarization of the background may be random and weak depending on the polarization
of the probing signal. The diffusive background contributes to the reflected signal. In
contrast, bright dots of a target make a significant contribution to the diffused signal because

the target may have small mirrors normally focused to a line of sight. If the size of these

7



WO 2009/055728 _ _ __ PCT/US2008/081200
mirrors is half of the wavelength (i.e., half wave dipole), the contribution to the diffused signal

is maximal. Because the bright dots of the target are noticeable because of their comparatively
larger reflectivity to other dots of the background, a small mirror effect is observed. The
presence of these small mirrors (bright spots) allows for the identification of typical threats by
their relative position with respect to each other and the background. The turn of the
polarization plane of the diffused radiation depends on the orientation of the dipole. If probing
radiation is polarized either vertically or horizontally, and the dipole is focused under 45°, the
diffused signal contains both vertical and horizontal polarization. The cross-polarization is
evaluated by the polarization coefficient:

oA,

A, + 4

where A;and Ay are the amplitudes of the received signals with horizontal and vertical
polarization.
[0046] If the target is a half-wave dipole rotated by 45° to the horizon, the depolarization
coefficient B is zero. Since actual targets have randomly oriented dipoles, the polarization
factor ranges between 0 and 1. The lower the polarization factor, the greater the probability
that a weapon or an explosive belt exists.
[0047] Small pieces of firearms and steel at a certain perspective also exhibit depolarization.
As the weapon has fewer small pieces than an explosive belt, the coefficient of depolarization
significantly differs due to the difference in the amount of small pieces expressed by the

relationship;

B > B

weapon explosive _belt

[0048] Since RSD 100 detects moving and living subject, the detection of weapons and
explosive belts may be done selectively for each irradiated person. This allows for armed
persons to be isolated and displayed on the screen.

[0049] Figure 10 illustrates a flow chart of an exemplary weapon detection process, according
to one embodiment. The polarization factor of a return signal is calculated (1001). The
polarization factor B is checked (1002) against threshold Bneshois. In one embodiment, Beshotd
may be determined experimentally. If B < Byresnold, the polarization factor B of the signal
being analyzed is checked (1003) against the preset value Beplosive teit- 1f Bitreshola > B >
Bexpiosive beits @ decision is made (1004) that the target carries firearms or cold arms. If B <
Beplosive_beit» @ decision is made (1005) that the target carries an explosive belt.

[0050] According to one embodiment, RSD 100 determines psycho-physiological parameters
of a scanned subject. Slow fluctuations of the probing signal allow for remote measurement of

8
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different rhythms of the scanned subject. The probing signal may be received through an

opaque barrier. In one embodiment, the psycho-physiological parameters may be scanned for
the entire group of people within the range of measurement, and a person with anomalic
psycho-physiological parameter is detected. The scanning process may be carried out over
several seconds. FFT is performed on a series of scanned signals, and signal pulsations
spectrum for each target is formed. Figure 11 illustrates an exemplary scanned signal

containing heart and respiration rate information, according to one embodiment.

[0051] Figure 12 illustrates a flow chart of an exemplary process to determine psycho-
physiological parameters, according to one embodiment. An analysis of the changes in
effective radar cross section (ERCS) reveals the changes in perspiration of the scanned subject.
Fluctuations in ERCS also give information about plethysmogram, breathing, vasomotorial
functions, and muscle tonus of the scanned subject. Each physiological parameter has its own
fluctuation frequency. For example, typical vasomotorial signals range between 0.0017-0.017
Hz, muscle tonus signals between 0.017-0.17 Hz, breathing signals between 0.08-0.5 Hz, and
heart beat signals between 0.67-4 Hz.

[0052] Figure 13 illustrates an exemplary waveform describing heart-muscle operation,
according to one embodiment. From the waveform constructed by RSD 100, left ventricular
ejection time (LVET) and heart beat may be determined. LVET is the heart parameter (speed
of contraction of the left ventricle), which is known to be correlated with a “hostile intent.”
The left ventricle pumps blood on the large circuit, and the right ventricle pumps blood on the

smaller respiratory/lung circuit.

[0053] According to one embodiment, RSD 100 detects plethysmogram in real-time. A
plethysmogram is a derived measurement of heart activity. A plethysmogram may be used to
evaluate the heart activity and compute LVET based on an analysis of the fluctuations in the
amplitude of the reflected signal and the relative position of the characteristic points on the
plethysmogram.

[0054] In Figure 13, a typical heart cycle (plethysmogram) having the following phases of
interest is shown; a-b-¢ is a systole phase with an increased pressure during heart muscle
contraction; c-d is the phase of reduction of pressure at the tail end of systole; e is the phase of

closing half moon valves; and f-g-h is the phase of reduction of blood pressure during diastole.

[0055] Phase a-b-c, the isometric contraction of the ventricle's systole, occurs with closed heart
valves. The beginning of this phase coincides with the phase of abrupt increase in the internal
to ventricles pressure. The derivative at point a may be used for the analysis of intensity and

speed of ventricle operation. The amplitude of a-b-c correlates to the arterial pressure; one of
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the main parameters of heart operation. The measured peripheral blood pressure is analyzed as

low-pass-filtered arterial pressure.

[0056] The operation of left ventricle is characterized by (a) the heartbeat frequency; (b) the
speed, with which the left ventricle muscle tissue is changing its tone, e.g., transitions from the
relaxed to the contracted state; and (c) the blood pressure created by the left ventricle for
opening the valve (instantaneous power of the pump with respect to one blood ejection from

the ventricle).

[0057] Since the right ventricle operates at an order of magnitude lower power, the
plethysmogram of the peripheral pulse provides rich source of information on the physiology
of the left ventricle. By analyzing physiological parameters, a hostile intent of the scanned

subject is determined.

[0058] According to one embodiment, the psychological condition of a live subject is
characterized by the values of physiological parameters as illustrated in Figure 11. Depending
on the psychological condition, for example stress levels, a person may experience sweating,
changes in breathing rate and heart rate, changes in muscle tone, etc. These changes are
mainly correlated with various hemodynamic changes (e.g., changes in the
amount/volume/presence of blood in various human organs, vessels and muscles).
Hemodynamic changes may be measured by observing the changes in total ERCS of the
observed person or ERCS of each body part separately. The signals pertaining to these
psychological parameters are compared with critical and baseline thresholds that are
determined experimentally. Relative changes of observable physiological parameters are taken
into account and analyzed in light of predetermined templates or rules. In one embodiment, a
comparison is made between the observed values with a library of values defining typical
various psychological conditions. The differences between the observed values and the values
from the library determines the psychological condition of the observed person, and a

subsequent conclusion is made about the possible hostile intent of the observed person.

[0059] A system and method for space control and remote monitoring have been described. It
is understood that the embodiments described herein are for the purpose of elucidation and
should not be considered limiting the subject matter of the present patent. Various
modifications, uses, substitutions, combinations, improvements, methods of productions
without departing from the scope or spirit of the present invention would be evident to a person

skilled in the art.

10
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CLAIMS:

We claim:

1.

A method, comprising:

emitting a frequency modulated signal from a radioscopic device having an antenna;

receiving a reflected signal from a target;

subtracting the frequency modulated signal with the reflected signal for obtaining a
low-frequency signal;

processing the low-frequency signal using fast Fourier transform (FFT);

forming signal pulsations spectrum based on the results of the FFT, wherein each

spectrum frequency represents a distance to the target; and
determining the distance to the target.
The method of claim 1, further comprising:
monitoring the low-frequency signal at a time interval,
saving the low-frequency signal in a memory;
updating the distance to the target; and
determining whether the target is moving.
The method of claim 1, further comprising:
analyzing the low-frequency signal of the target; and
detecting the presence of heart beat and breath wave.
The method of claim 3, further comprising determining whether the target is a live
subject.
The method of claim 1, further comprising:
receiving the reflected signal with at least two antennae;
analyzing the amplitude of the low-frequency signal; and

determining an azimuth of the target based on a ratio of the amplitudes of the reflected

signal at the two antennae.
The method of claim 1, further comprising:

scanning the radioscopic device with a narrow diagram of orientation of the antenna;

and

determining an azimuth of the target, wherein the azimuth is equal to the rotation angle

of the radioscopic device.

11
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7. The method of claim 6, wherein the scanning is realized through manual turn of the

radioscopic device.
8. The method of claim 1, further comprising:
receiving the reflected signal with at least two antennae with orthogonal polarization;
calculating depolarization coefficient using the reflected signal;
analyzing the depolarization coefficient of the reflected signal; and

detecting a weapon based on the depolarization coefficient, wherein the weapon is

detected if the depolarization coefficient is lower than a threshold value.
9. The method of claim 8, wherein only live subjects are analyzed for weapon detection.
10.  The method of claim 4, further comprising:
analyzing a change in the effective radar cross section; and
calculating left ventricular ejection time (LVET) of the live subject.
11. The method of claim 4, further comprising:

analyzing an increase in the intensity of the reflected signal from the skin surface of the

live subject; and
calculating perspiration from the live subject.
12.  The method of claim 4, further comprising:

analyzing changes in the effective radar cross section using the amplitudes of the

reflected signal; and
determining arterial blood pressure of the live subject.
13.  The method of claim 4, further comprising:

analyzing fluctuations of amplitudes of the received signal caused by changes in the

effective radar cross section ; and
calculating muscle tone of the live subject.

14.  The method of claim 4, further comprising determining a hostile intent of the live
subject based on one of analyzed signals of LVET, perspiration, heart rate, blood

pressure, vasomotor fluctuations data, muscle tone and rush of blood to the organs.
15. A radioscopic device for remote detection comprising:

a transmitting antenna;

a receiving antenna;

a high frequency signal processing module;

digital signal processing module; and

12
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16.

17.

18.

19.
20.

21.

display and a power supply.
The device from claim 15, wherein the radioscopic device has at least two receiving
antennae to determine an azimuth of a target based on a triangular method where

distance to the target from each antenna is calculated using wave phase.

The device from claim 16, wherein the two receiving antennae have orthogonal

polarization to calculate depolarization of the target.

The device from claim 15, wherein the radioscopic device has at least three receiving

antennae, two of the three receiving antennae have orthogonal polarization.
The device from claim 15 further comprising a module for compensating vibration.

The device from claim 19, wherein the module comprises an accelerometer and/or a

magnetic sensor.

The device from claim 15, wherein the transmitting antenna has a narrow diagram of

orientation and a manual scanning module for determining an azimuth of a target.
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