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(57) Abstract: A method for detecting a concealed object in a target comprising a body and the concealed object, the method includ -
ing emitting, by an emitter, radio frequency (RF) energy toward a direction of the target, receiving, by a receiver, a scattered RF en-
ergy reflected from the target, generating, by the receiver, a signal corresponding to the received scattered RF energy, comparing, by
a processor, the signal with a plurality of stored RF scattering signatures, each of the RF scattering signatures being associated with
an object of interest, and detecting, by the processor, the concealed object when the signal matches one of plurality of RF scattering
signatures.
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DETECTION OF CONCEALED OBJECT ON A BODY USING RADIO
FREQUENCY SIGNATURES ON FREQUENCIES AND POLARIZATIONS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of U.S. Patent Application No.
61/712,232, filed on October 10, 2012, the entire content of which is incorporated herein by
reference.

[0002] This application is also related to a National Phase Patent Application of
International Patent Application entitled Radar Detection of a Concealed Object on a Body
(attorney docket R691:73318), filed on even date herewith, the entire content of which is
incorporated herein by reference.

FIELD
[0003] Embodiments of the present invention relate to the field of object detection, and
more\speciﬂcally to the detection of concealed objects on a target.

BACKGROUND

[0004] In recent years, there has been a growing threat of concealed objects such as
weapons and suicide vests housing improvised explosive devices (IEDs) on, for example, a
person's body or a vehicle. Current standoff radic frequency (RF) detection systems consist
of millimeter wave or terahertz imaging systems looking for image anomalies indicative of
concealed objects. However, high-resolution imaging processes are often computationally
expensive and time consuming. Further, it may be difficult to find image anomalies due to
various factors such as movement of the body or the concealed object, aliases, and other
imaging resolution issues, These issues may lead to a low probability of detection and/or a
high probability of false alarms. Furthermore, the millimeter wave or the terahertz radar
systems require high power transmission due to high RF propagation loss (e.g., greater than
90 dB) at tactical ranges (e.g., 20m-100m). However, high power RF transmission can cause
a serious radiation hazard problem to persons in proximity to the target area.

[0005] Accordingly, what is desired is a low-cost, low-power solution that does not
expose persons in a target area to high levels of RF radiation, and which has a high
probability of detection of the concealed object and low probability of false alarms,

[0006] Further, it is desired to develop a radar solution for real-time detection of
concealed objects on a target’s body at a tactical stand-off range of, for example, 20m-100m
(which would permit an operator sufficient time/space to safely nullify a detected threat).
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SUMMARY

[0007] According to embodiments of the present invention, the presence of concealed

objects is detected by observing the RF scattering response of a target, checking the observed

signal against a library of stored RF scattering signatures to find a match.

[0008] According to some embodiments of the present invention, there is provided a

method for detecting a concealed object in a target including a body and the concealed object,

the method including: emitting, by an emitter, radio frequency (RF) energy toward a direction

of the target; receiving, by a receiver, a scattered RF energy reflected from the target;

generating, by the receiver, a signal corresponding to the received scattered RF energy;
comparing, by a processor, the signal with a plurality of stored RF scattering

signatures, each of the RF scattering signatures being associated with an object of interest;

and detecting, by the processor, the concealed object when the signal matches one of plurality

of stored RF scattering signatures.

[0009] The method may further include retrieving the plurality of stored RF scattering

signatures from a stored data record.

[0010] The method may further include identifying the concealed object based on the

matching one of the plurality of RF scattering signatures.

[0011] The emitting RF energy may further include emitting RF energy of one or more of

a horizontal polarization and a vertical polarization, and the received scattered RF energy

reflected from the target may have a horizontal polarization or a vertical polarization.

[0012] Each of the plurality of stored RF scattering signatures may be further associated

with a fransmit-receive polarization combination and a frequency band.

[0013] The transmit-receive polarization combination may include: a horizontal

polarization for the emitted RF energy, and a horizontal polarization for the received

scattered RF energy; a horizontal polarization for the emitied RF energy, and a vertical

polarization for the received scattered RF energy; a vertical polarization for the emitted RF

energy, and a horizontal polarization for the received scattered RF energy; or a vertical

polarization for the emitted RF energy, and a vertical polarization for the received scattered

RF energy.

[0014] The frequency band may be a frequency range in which a RF scattering response

of an associated object of interest is distinguishable from RF scattering responses of other

objects of non-interest including clutter and the body.

[0015] One or more of the stored RF scattering signatures represent one or more

simulation results, or data collected from one or more real-world experiments.

[0016] The body may be a biological life form and the concealed object may be a

concealed weapon.
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[0017] The signal may match one of plurality of the RF scattering signatures when a
standard deviation of a difference between the signal and the one of the plurality of RF
scattering signatures is below a threshold,

[0018] The signal may match one of plurality of the RF scattering signatures when a
mean of a difference between the signal and the one of the plurality of RF scattering
signatures is below a threshold.

[0019] According to other embodiments of the present invention, there is provided a
method for detecting one or more concealed objects in a target including a body and the one
or more concealed object, the method including: emitting, by an emitter, radio frequency
(RF) energy toward a direction of the target; receiving, by a receiver, a scattered RF energy
reflected from the target; generating, by the receiver, one or more signals corresponding to
the received scattered RF energy; comparing, by a processor, each of the one or more signals
with a plurality of stored RF scattering signatures, each of the RF scattering signatures being
associated with an object of interest; and detecting, by the processor, the one or more
concealed objects when the one or more signals match one or more of the plurality of RF
scattering signatures.

[0029] According to other embodiments of the present invention, there is provided a
radar detector configured to detect a concealed object in a target including a body and the
concealed object, the radar detector including: an emitter configured to emit RF energy
toward a direction of the target; a receiver configured to receive a scattered RF energy
reflected from the target, and to generate a signal corresponding to the scattered RF energy
reflected from the target; and a processor configured: to retrieve a plurality of stored RF
scattering signatures from a stored data record; to compare the signal with the plurality of
stored RF scattering signatures, each of the RF scattering signatures being associated with an
object of interest; and to detect the concealed object when the signal matches one of plurality
of RF scattering signatures.

[0021] The emitter may emit RF energy of one or more of a horizontal polarization and
vertical polarization.

[0022] The received scattered RF energy reflected from the target may have a horizontal
polarization or a vertical polarization.

[0023] Each of the plurality of stored RF scattering signatures may be further associated
with a transmit-receive polarization combination and a frequency band.

[0024] The transmit-receive polarization combination includes: a horizontal polarization
for the emitted RF energy, and a horizontal polarization for the received scattered RF energy;
a horizontal polarization for the emitted RF energy, and a vertical polarization for the
received scattered RF energy; a vertical polarization for the emitted RF energy, and a
horizontal polarization for the received scattered RF energy; or a vertical polarization for the
emitted RF energy, and a vertical polarization for the received scattered RF energy.



10

15

20

25

30

35

WO 2014/120289 PCT/US2013/064179

[0025] The frequency band may be a frequency range in which a RF scattering response
of an associated object of interest is distinguishable from RF scattering responses of other
objects of non-interest including clutter and the body.

[0026] The body may be a biological life form and the concealed object may be a
concealed weapon.

[0027] The signal may match one of plurality of the RF scattering signatures when a
standard deviation of a difference between the signal and the one of the plurality of RF

scattering signatures is below a threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, together with the specification, illustrate example
embodiments of the present invention, and, together with the description, serve to explain the
principles of the present invention.

[0029] FIG. 1 is a schematic diagram illustrating a concealed object radar detection
(CORD) system that utilizes RF scattering values for various frequency bands and
polarizations to identify an object of interest on a target body, according to some
embodiments of the present invention.

[0030] FIG. 2 is a flow diagram illustrating the process for detecting a concealed object
on a target based on discrimination of the RF scattering response of the concealed object and
the target body, according to some embodiments of the present invention.

[0031] FIGS. 3A-3D are graphs illustrating RF scattering responses of a simulated wire, a
simulated switch, a simulated bomb canister, and a complex system including a combination
thereof for different fransmit-receive polarity combinations, and exemplifying the ability of
the embodiments of the present invention to detect an object of interest.

[0032] FIG. 4 illustrates a simulated RF scattering response of a dielectric slab
corresponding to the vertical-vertical polarity combination.

DETAILED DESCRIPTION

[0033] In the following detailed description, only certain example embodiments of the
present invention are shown and described, by way of illustration. As those skilled in the art
would recognize, the invention may be embodied in many different forms and should not be
construed as being limited to the embodiments set forth herein. Like reference numerals
designate like elements throughout the specification.

[0034] In certain locations, such as airports and security check points, it may be desired
to identify a body, such as a person or vehicle, which is carrying a concealed object of
interest, for example, a weapon or a suicide bomber vest (SBV). A concealed object may be
any kind of matter with uniform properties, or may be a complex system having a number of
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components and including different materials. For example, a SBV may include trigger
circuitry, connecting wires, blocks of improvised explosive devices (IEDs), and shrapnel
(e.g., nails). Each constituent part may have its own unique frequency-domain RF scattering
response (or RF scattering signature or RF scattering fingerprint) over a frequency range and
at a particular polarization. In some embodiments, the RF scattering signatures may include,
not only the resonant characteristics of the object of interest, but also other dominant
scattering contributors such as reflections (or multiple reflections), diffractions, reflection-
diffractions and/or the like. (An RF scattering signature exhibits resonance at a frequency at
which the amplitude of the RF scattering signature reaches a relative (or local) maximum.)
[0035] Embodiments of the present invention are directed to an apparatus and method for
determining the presence of a concealed object (e.g., an IED) on a target by identifying the
unique RF scattering signature of the concealed object from a reflected signal. According to
some embodiments of the present invention, the concealed-object radar detection (CORD)
system can detect concealed objects on a target body at tactically significant ranges (e.g.,
20m - 100m). In some embodiments, the detection system can also be low-cost and wide-
band (e.g., having a 3:1 fractional bandwidth), since algorithms for detection and
discrimination are computationally simple and 3:1 bandwidth radar antenna systems are
readily available.

[0036] Because some embodiments of the present invention operate at frequency ranges
that have low RF propagation loss at tactical ranges, high power transmission may not be
necessary. (For example, the free space RF propagation loss at UHF bands is only a fraction
of that at millimeter or terahertz bands (e.g., less than -20 dB)). As such, the CORD system,
according to some embodiments, may pose no radiation risk to people in or near a target area.
Further, by tuning the discrimination algorithm for a concealed object of interest through the
selection of appropriate frequency bands and polarization(s), the CORD system may exhibit
high probability of detection (Pgetection) Of the object of interest and low probability of false
alarms {Praise alarm)-

[0037] FIG. 1 is a schematic diagram illustrating a CORD system that utilizes RF
scattering values for various frequency bands and polarizations to identify an object of
interest on a target body, according to some embodiments of the present invention.

[0038] According to some embodiments of the present invention, the CORD system 100
includes an emitter 102 (e.g., an RF horn antenna), a receiver 104 (e.g., a tuned RF receiver),
and a processing unit 106. In some examples, the emitter 102 emits RF energy in the
direction of a target area. In other examples, the emitter 102 may scan a wide span area. The
transmitted RF energy may have a horizontal polarization and/or a vertical polarization. The
transmitted energy may have a wide frequency range (e.g., 0.2GHz — 40GHz) or it may have
frequencies occupying one or more narrow bands (e.g., the x-band from 7GHz to 12GHz or
the ky-band from 26 GHz to 40GHz).
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[0039] The receiver 104 receives the RF energy that is scattered off of the object(s)
and/or person(s) in the target area and sends a corresponding signal (henceforth, “captured
signal™) to the processing unit 106. The target area may encompass a target 110, which, for
example, may be a person 112 wearing a concealed object of interest 114 such as weapon or
SBV. The receiver 104 may be tuned to capture the horizontal and/or vertical polarization of
the scattered RF energy. The receiver 104 may be a wide-band receiver capturing energy in a
wide range of frequencies, such as 0.2 GHz - 40 GHz, or may be tuned to selectively capture
energy of one or more narrow frequency bands, for example, the x-band having frequencies
between 7 GHz and 12 GHz, and/or the k,-band having frequencies between 26 GHz and 40
GHz.

[0040] The processing unit 106 compares the values of the frequency-domain signal
levels (henceforth, “signal value™) and/or other characteristics of the captured signal with the
signal values and/or other characteristics of each of a plurality of stored RF scattering
signatures at the frequency range and the polarity combination associated with the reflected
signal. In some embodiments, the characteristics include one or more of the shape, slopes,
and/or variations of the frequency domain curve, relative magnitudes of RF scaitering
signatures associated with same object and corresponding to different polarizations at which
RF energy is emitted and received (e.g., differences in polarization responses), the signal
deterioration rate of any resonance (e.g., the slope of the tail of the resonance), and/or the
like. If the reflected signal matches any of the plurality of the stored RF scattering signatures
(e.g., if the signal levels or characteristics of the compared signal and RF scattering
signatures match), the processing unit 106 determines that a concealed object of interest is
present.

[0041)] In some embodiments of the present invention, the processing unit 106 retrieves
the plurality of stored RF scattering signatures from a stored data record (such as a database
or a look-up table), which may reside in the processing unit 106 or be external to it. The
stored data record may include RF scattering signatures for objects of interest (such as a
metal cylinder containing explosive material) for a variety of frequency ranges and transmit-
receive polarity combinations. For example, for every object of interest and for each
frequency range, the stored data record may include RF scattering signatures for one or more
of the following scenarios: 1) both of the emitted RF energy and the captured RF energy have
horizontal polarizations (henceforth, “H-H"); 2) the emitted RF energy has a horizontal
polarization, and the captured RF energy has a vertical polarization (henceforth, “H-V™); 3)
the emitted RF energy has a vertical polarization, and the captured RF energy has a horizontal
polarization (henceforth, “V-H”); and 4) both of the emitted RF energy and the captured RF
energy have vertical polarizations (henceforth, “V-V>).

[0042]  According to some embodiments, the RF scattering signatures of the plurality of
stored RF scattering signatures may be attained based on real-world experimental data and/or
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simulation results (using, e.g., electromagnetic simulation tools), which measure/simulate the
RF scattering response of each object of interest in isolation of other objects.

[0043] In some embodiments, the frequency range of the emiited RF energy and/or the
received scattered RF energy, and the polarizations at which RF energy is emitted and
received, may be selected to maximize (or increase) the distinguishability of the RF scattering
response of the concealed object of interest against the clutter scattering of the background
and other objects of non-interest.

[0044] FIG. 2 is a flow diagram illustrating a process 200 for detecting a concealed object
on a target based on discrimination of the RF scattering signature of the concealed object and
the target body, according to some embodiments of the present invention.

[0045] In block 202, the emitter 102 of the CORD system 100 emits a radio wave of one
or more frequency ranges toward a direction of a target area encompassing one or more
objects and/or persons, which may or may not include a concealed object of interest.
According to some embodiments, the transmitted radio wave may have a horizontal and/or
vertical polarization.

[0046]  In block 204, the receiver 104 receives reflected radio waves that are scattered off
of one or more objects and/or persons in the target area. The receiver 104 may be designed to
receive radio waves of one or more frequency ranges (e.g., radio waves having a wide range
of frequencies or only those that have frequencies in two narrow bands). Further, in some
embodiments, the receiver 104 may filter radio waves of a horizontal or vertical polarization.
The receiver 104 then generates a signal corresponding to the received scattered radio waves
and transmits the signal to the processing unit 106 for further analysis.

[0047] In block 206, the processing unit 106 employs a discrimination algorithm to
compare the signal values of the captured signal with signal values of each of a plurality of
stored RF scattering signatures at the frequency range and polarization corresponding to the
reflected signal, and to identify any potential matches. The frequency range and the
polarization corresponding to the captured signal may represent parameters that maximize (or
increase) the ability of the processing unit 106 to discriminate the RF scattering signature of
the concealed object of interest from the clutter scattering of the background and other
objects of non-interest (e.g., a human body).

[0048] The discrimination algorithm may adopt a variety of methods for determining
whether or not a match exists between a captured signal and a recorded RF scattering
signature. For example, in some embodiment, the processing unit 106 may calculate the
mean (or average) or the standard deviation of the difference between the signal values of the
reflected signal and a stored RF scattering signature, and if the mean or standard deviation is
below a threshold, the processing unit 106 determines that a match exists. According to some
embodiments, the processing unit 106 determines that a match exists if the local peaks and
valleys of the two signals being compared occur at approximately the same frequencies (e.g.,
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within a frequency range of one another). In some embodiments the processing unit 106 may
determine that a match exists based on one or more of shape, slopes, and/or variations of the
frequency domain curves, the resonance tail deterioration rate (or roll-off rate), the relative
magnitude of a resonant response in different frequency bands, differences in polarization
responses, and/or the like. However, embodiments of the present invention are not limited to
the methods of match identification described above and any other suitable method, as
recognized by a person of ordinary skill in the art, may be employed.

[0049] As a person of ordinary skill in the art will recognize, prior to comparing signal
values, the processing unit 106 (or even the receiver 104) may filter the signal to
remove/reduce noise and/or other undesired artifacts, and perform other suitable processes to
facilitate proper comparison of signal levels.

[0050] In block 208, if the processing unit 106 is able to identify a match, the processing
unit 106 determines that a concealed object of interest is present and issues an alert. If no
match has been found, then the processing unit 106 determines that no object of interest is
present and the process may end or reinitiate at block 202.

[0051] While the above process describes the detection of one object of interest
embodiments of the invention are not limited thereto. For example, the discrimination
algorithm may be modified to detect two or more objects of interest, which have different RF
scattering signatures. According to some embodiments, each object of interest is associated
with a different pairing of frequency range and transmit-receive polarity combination (e.g.,
H-H, H-V, V-H, or V-V). Accordingly, the receiver 104 may generate captured signals
corresponding to different pairings of frequency range and transmit-receive polarity
combination, and the processing unit 106 may analyze each captured signal, as described
above, to determine whether it matches any of the stored RF scattering signatures associated
with the same pairing of frequency range and transmit-receive polarity combination. Thus,
the same CORD system may be able to detect or identify the presence of more than one
concealed objects of interest. For example, in some embodiments, the CORD system may be
able to concurrently identify the presence of explosive materials, personal firearms, and/or
other weapons.

[0052] FIGS. 3A-3D are graphs illustrating RF scattering signatures of a simulated wire,
a simulated pressure switch, a simulated bomb canister, and a complex system including the
combination thereof (which may simulate a typical improvised explosive device) over a
frequency range of 0.1 GHz to 2 GHz and for different transmit-receive polarity
combinations, and exemplifying the ability of the embodiments of the present invention to
detect an object of interest. In each of FIGS. 3A-3D, the X-axis represents the range of
frequencies within the bandwidth of the receiver 104 (i.e., 0.1 GHz — 2 GIHz), according to an
embodiment of the present invention; and the Y-axis represents the power level of the
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received scattered radio wave, corresponding to the V-V, H-H, or V-H/H-V polarity
combinations, relative to that of the transmitted radio wave measured in decibels.

[0053]  FIG. 3A illustrates the simulated RF scattering signatures 312, 314, and 316 of a
pair of parallel wires 310 having a small separation and corresponding to polarity
combinations V-V, H-H, and V-H/H-V (which are represented with the same curve 316),
respectively., FIG. 3B illustrates the simulated RF scattering signature 324 of a pair of
parallel strips of metal 320 having a small separation (which may, e.g., simulate a bomb
trigger/switch) and corresponding to the H-H polarity combination. FIG. 3C illustrates the
simulated RF scattering signatures 332 and 334 of a cylinder 330 (which may, e.g., simulate a
bomb canister) corresponding to the polarity combinations V-V and H-H, respectively. FIG.
3D illustrates the simulated RF scattering signatures 342, 344, and 346 of a more complex
system 340 including the wires 310, metals plates 320, and cylinder 330 of FIGS. 3A-3C and
corresponding to the polarity combinations V-V, H-H, and V-H/H-V (which are represented
with the same curve 346), respectively. As is visually apparent, the RF scattering signature
342 closely resembles the RF scattering signature 332 of the cylinder of FIG. 3C. The
comparison shows that if correct frequency range/polarization pairs are chosen, the
processing unit 106 can detect the presence of the object of interest even in a very complex
scattering environment.

[0054] According to some embodiments of the present invention, one or more of the RF
scattering signatures 312, 314, 316, 324, 332, and 334 is stored in a data record. Afier the
CORD system 100 emits RF energy toward the complex system 340 and receives scattered
RF energy, the receiver 104 may send one or more captured signals corresponding to one or
more of the polarity combinations V-V, H-H, and V-H/H-V to the processing unit 106. The
one or more captured signals may have a frequency response resembling RE scattering
signatures 342, 344, and/or 346, as shown in FIG. 3D. The processing unit 106 may compare
each of the captured signals with each of the stored RF scattering signatures. In an example
in which the processing unit 106 compares the captured signal corresponding to the V-V
polarity combination with the stored RF scattering signatures, the processing unit 106 may
identify a match in the signature 332 associated with the cylinder and thus determine that that
a cylinder is present in the complex system 340. The comparison of captured signals
corresponding to other polarity combinations may not yield a match and, thus, not indicate
the identification of any object of interest.

[0055] As a further example of an object’s RF scattering fingerprint being affected by its
geometry, FIG. 4 illustrates a simulated RF scattering signature 412 of a vest containing a
dielectric slab (which may be used to represent a slab of explosive material in a suicide
bomber vest) corresponding to the V-V polarity combination. The periedic nature of the
frequency response is caused by, for example, the interaction of a first reflection (in time) of
emitted RF energy from the front surface of dielectric slab and the second reflection (in time)
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of emitted RF energy from the back of the dielectric slab. This periodic response may be
substantially unaffected by the angle of incidence of the emitted RF energy on the surface of
the dielectric slab. The pericdic nature of the RF scattering signature of the dielectric slab
permits the CORD system 100 to easily distinguish it from the RF scattering response of a
human body, which may be approximately uniform over the shown frequency range. Thus, a
CORD system, according to embodiments of the present invention, which has the RF
scattering signature 412 stored, may be able to detect the presence of the dielectric slab (e.g.,
slab of explosive material) in a suicide bomber vest worn by a person.

[0056] As a person of ordinary skill in the art will recognize, the method and apparatus
described herein may be complimented with other commonly known radar techniques (e.g.,
direction finding algorithms, range gating, etc.) to not only detect the presence of a concealed
object of interest, but also to locate its position in an open environment (e.g., locating a

suicide bomber in a large crowd of people).

-10-
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WHAT IS CLAIMED IS:

1. A method for detecting a concealed object in a target comprising a body and
the concealed object, the method comprising:

emitting, by an emitter, radio frequency (RF) energy toward a direction of the target;

receiving, by a receiver, a scattered RF energy reflected from the target;

generating, by the receiver, a signal corresponding to the received scattered RF
energy;

comparing, by a processor, the signal with a plurality of stored RF scattering
signatures, each of the RF scattering signatures being associated with an object of interest;
and

detecting, by the processor, the concealed object when the signal matches one of

plurality of stored RF scattering signatures.

2. The method of claim 1, further comprising:
retrieving the plurality of stored RF scattering signatures from a stored data record.

3. The method of claim 1, further comprising:
identifying the concealed object based on the matching one of the plurality of RF
scattering signatures,

4. The method of claim 1, wherein the emitting RF energy further comprises

emitting RF energy of one or more of a horizontal polarization and a vertical
polarization, and wherein the received scatiered RF energy reflected from the target has a
horizontal polarization or a vertical polarization.

5. The method of claim 1, wherein each of the plurality of stored RF scattering
signatures is further associated with a transmit-receive polarization combination and a

frequency band.

6. The method of claim 5, wherein the fransmit-receive polarization combination
comprises:

a horizontal polarization for the emitted RF energy, and a horizontal polarization for
the received scattered RF energy;

a horizontal polarization for the emitted RF energy, and a vertical polarization for the
received scattered RF energy;

a vertical polarization for the emitted RF energy, and a horizontal polarization for the

received scattered RF energy; or
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a vertical polarization for the emitted RF energy, and a vertical polarization for the
received scattered RF energy.

7. The method of claim 5, wherein the frequency band is a frequency range in
which a RF scattering response of an associated object of interest is distinguishable from RF
scattering responses of other objects of non-interest comprising clutter and the body.

8. The method of claim 1, wherein one or more of the stored RF scattering
signatures represent one or more simulation results, or data collected from one or more real-

world experiments.

9. The method of claim 1, wherein the body is a biological life form and the
concealed object is a concealed weapon.

10.  The method of claim 1, wherein the signal matches one of plurality of the RF
scattering signatures when a standard deviation of a difference between the signal and the one
of the plurality of RF scattering signatures is below a threshold.

11, The method of claim 1, wherein the signal matches one of plurality of the RF
scattering signatures when a mean of a difference between the signal and the one of the
plurality of RF scattering signatures is below a threshold.

12. A method for detecting one or more concealed objects in a target comprising a
body and the one or more concealed object, the method comprising:

emitting, by an emitter, radio frequency (RF) energy toward a direction of the target;

receiving, by a receiver, a scattered RF energy reflected from the target;

generating, by the receiver, one or more signals corresponding to the received
scattered RF energy;

comparing, by a processor, each of the one or more signals with a plurality of stored
RF scattering signatures, each of the RF scattering signatures being associated with an object
of interest; and

detecting, by the processor, the one or more concealed objects when the one or more
signals match one or more of the plurality of RF scattering signatures.

13. A radar detector configured to detect a concealed object in a target comprising

a body and the concealed object, the radar detector comprising:
an emitter configured to emit RF energy toward a direction of the target;
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a receiver configured to receive a scattered RF energy reflected from the target, and to
generate a signal corresponding to the scattered RF energy reflected from the target; and
a processor configured:
to retrieve a plurality of stored RF scattering signatures from a stored data
record;
to compare the signal with the plurality of stored RF scattering signatures,
each of the stored RF scattering signatures being associated with an object of interest; and
to detect the concealed object when the signal matches one of plurality of
stored RF scattering signatures.

14.  The radar detector of claim 13, wherein the emitter emits RF energy of one or
more of a horizontal polarization and vertical polarization.

15.  The radar detector of claim 13, wherein the received scattered RF energy

reflected from the target has a horizontal polarization or a vertical polarization.

16.  The radar detector of claim 13, wherein each of the plurality of stored RF
scattering signatures is further associated with a transmit-receive polarization combination

and a frequency band.

17. The radar detector of claim 16, wherein the transmit-receive polarization
combination comprises:

a horizontal polarization for the emitted RF energy, and a horizontal polarization for
the received scattered RF energy;

a horizontal polarization for the emitted RF energy, and a vertical polarization for the
received scattered RF energy;

a vertical polarization for the emitted RF energy, and a horizontal polarization for the
received scattered RF energy; or

a vertical polarization for the emitted RF energy, and a vertical polarization for the
received scattered RF energy.

18.  The radar detector of claim 16, wherein the frequency band is a frequency
range in which a RF scattering response of an associated object of interest is distinguishable

from RF scattering responses of other objects of non-interest comprising clutter and the body.

19.  The radar detector of claim 13, wherein the body is a biological life form and
the concealed object is a concealed weapon.
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20.  The radar detector of claim 13, wherein the signal matches one of plurality of
stored RF scattering signatures when a standard deviation of a difference between the signal
and the one of the plurality of stored RF scattering signatures is below a threshold.
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