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A planar nuclear quadrupole resonance (NQR) sensor has been developed. The sensor is resilient to envi-
ronmental noise and is capable of simultaneous independent multi-frequency operation. The device was
constructed as an open multimodal birdcage structure, in which the higher modes, generally not used in
magnetic resonance, are utilized for NQR detection. These modes have smooth distributions of the ampli-
tudes of the corresponding radiofrequency magnetic fields everywhere along the sensor’s surface. The
phases of the fields, on the other hand, are cyclically shifted across the sensor’s surface. Noise signals
coming from distant sources, therefore, induce equal-magnitude cyclically phase-shifted currents in dif-
ferent parts of the sensor. When such cyclically phase-shifted currents arrive at the mode connection
point, they destructively interfere with each other and are cancelled out. NQR signals of polycrystalline
or disordered substances, however, are efficiently detected by these modes because they are insensitive
to the phases of the excitation/detection. No blind spots exist along the sensor’s surface. The sensor can
be used for simultaneous detection of one or more substances in locations with environmental noise.

� 2008 Elsevier Inc. All rights reserved.
1. Introduction

Security technology for controlling the traffic of illicit sub-
stances is rapidly growing in demand. Nuclear quadrupole reso-
nance (NQR)-based screening systems have been proven to
provide reliable and noninvasive identification of materials con-
taining the so-called quadrupolar nuclei, such as 14N or 35,37Cl,
which are present in most explosives and in many of the narcotics
[1]. This methodology is not harmful to individuals or the scanned
objects, and permits remote detection without the need for palpa-
tion or any mechanical contact. Additionally, automatic operation
of the scanners is possible, making this technology much less
dependent on the human error.

1.1. Theoretical background

The principles and the instrumentation used in NQR are, gen-
erally, similar to those employed in magnetic resonance (MR).
There are, however, some important differences between NQR
and MR, the most significant of which relates to the manner in
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which the energy levels are initially established. In MR, the nu-
clei possessing nonzero magnetic moments become polarized
by an externally established static magnetic field, B0, whose mag-
nitude mainly determines the resonance frequency of the signals
coming from the nuclei. In pure NQR, on the other hand, the
external magnet is not required because the nuclear levels are
established due to coupling between the electric quadrupole mo-
ments of nuclei, eQ, and the electric field gradients, eq, internally
generated by the charge distributions in the local molecular envi-
ronments. Nuclei with nonzero electric quadrupole moments
(non-spherically symmetrical electric charge distributions) are
those with spin I > 1/2, which includes such common nuclei as
14N and 35,37Cl. Although this interaction is purely electric in nat-
ure, since the nuclei also possess magnetic dipole moments, it is
possible to induce transitions between the nuclear levels with B1

fields and detect the signals produced by the nuclei in response,
much like in MR. Because no external static magnetic field is re-
quired, pure NQR spectroscopy is frequently referred to as ‘‘MR
at zero field”.

The Hamiltonian describing the quadrupole interaction in the
principal axes frame of the electric field gradient is given in terms
of the nuclear spin operators, I, Ix, Iy and Iz, by [2]:

HQ ¼
e2Qq ð3I2

z � I2Þ þ gðI2
x � I2

yÞ
h i

ð1Þ

4Ið2I � 1Þ
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where the quantity e2Qq is defined as the quadrupole coupling con-
stant of a nucleus in its environment, and g describes the asymme-
try of the electric field gradient. The nuclear properties are
represented by the quantity eQ and the influence of the electrostatic
environment is described by g and eq. For the spin I = 1 14N nucleus,
the three quadrupole eigenstates in terms of eigenstates of the Iz

operator, j1i, j0i and j�1i, are j þi ¼ ðj 1iþ j �1iÞ=
ffiffiffi
2
p

,
j �i ¼ ðj 1i� j �1iÞ=

ffiffiffi
2
p

and j0i. The transition frequencies are given
by [3]:

t� ¼
e2Qq
4h
ð3� gÞ

t0 ¼ tþ � t� ¼
e2Qqg

2h

ð2Þ

The NQR spectrum of a compound in which 14N nuclei experience
non-axially symmetric electric field gradients (g 6¼ 0), therefore,
consists of a doublet corresponding to the t+ and t� transitions
and a line at a much lower frequency corresponding to t0. The
intensity of the transition at t+ is at its maximum when the RF field
is applied in the X-direction of the principal axes frame for the elec-
tric field gradient tensor, and the intensity of the t� transition is
maximized when the B1 field lies in the Y-direction [2,4]. For a pow-
der sample, a B1 field applied in the laboratory frame is experienced
by each crystallite in a different direction in its principal axes frame,
with all directions being equally probable.

This leads to an important conclusion: the application of the B1

field to an isotropic powder sample in every laboratory frame
direction appears to produce the same NQR signal in response,
although it actually originates from different crystallites in the
sample. Since explosives and narcotics are isotropic substances,
the direction of the B1 field used for their identification is, there-
fore, unimportant. It is important to point out that the situation
is different for MR, for which the direction of the B1 field always
has to be orthogonal to the direction of the external static magnetic
field.

The frequencies of the NQR measurements are, generally, on the
order of several MHz, which is much lower than the frequencies of
high-resolution MR. The sensitivity of the measurements is, there-
fore, also much lower. An important advantage of NQR, however, is
in not having to place objects in strong external magnetic fields.
This led to a tremendous interest in applying this technology in
the field of illicit substance detection, where accurate noninvasive
and remote identification of materials is necessary, but the use of
the external magnetic fields is undesirable, as it can damage the
magnetic parts of the studied objects and endanger people in the
vicinity. Additional advantage is that NQR signals exhibit very high
specificity to the molecules being observed, thereby providing very
reliable material identification, unlike MR, which is more suitable
for structure investigations and medical imaging.
1.2. Background on sensor designs with noise rejection properties

Several sensor designs are currently employed in conjunction
with NQR scanners. Cylindrical or rectangular RF coils (solenoid,
single-turn, multiple loop, etc.) are used for the screening of such
objects as luggage or mail, which can be put through the internal
volume of the sensors. These coils offer uniform B1 fields and can
be easily shielded from the RF environmental interference by plac-
ing an RF shield around the entire sensor (the coil with the
screened items contained inside). There are, however, many situa-
tions in which it is impossible or undesirable to place the studied
objects inside a restricted volume, such as during minefield or hu-
man subject scanning. In these cases, surface devices (single turn,
spiral, planar solenoid, etc.) are used instead. While these devices
offer greater accessibility, they are strongly affected by environ-
mental RF interference coming from distant sources, such as radio
stations, computers, switching power supplies, etc.

Reports describing surface sensor designs aimed at introducing
environmental interference rejection properties have been made in
the past. Garroway et al. [5] and Suits and Garroway [6] reported a
gradiometer coil, which is resistant to the environmental noise be-
cause it is sensitive only to a spatial derivative of the electromag-
netic field. Noise coming from a distant source can be assumed
linear in space (wavelengths are much larger than the size of the
coil) and, therefore, is not detected. These coils can be made, for
example, by forming two electrically connected loops, one above
the other, that are wound in the opposite direction. The noise from
a distant source induces equal and opposite currents in the loops
that cancel each other out. The sample is placed closer to one loop
than to the other, and produces a stronger current in one of loop
than in the other. It is, therefore, detected by the sensor. A similar
idea was subsequently utilized by Smith and Rowe [7] to create a
design in which two separate planar solenoid coils were wound
in an opposite sense and connected in series or in parallel, or dri-
ven by a common circuit that couples them together and to a trans-
mitter or receiver. The coils were positioned one above the other or
side by side. Alternatively, the coils were wound in the same sense,
but a phase inversion was performed in one of them before the sig-
nals from both were combined at the receiver. Noise coming from a
distant source was picked up by the two coils and arrived at the re-
ceiver as two currents with opposite phases, leading to its self-can-
cellation. This sensor, therefore, possessed the property of common
mode rejection. The sample was always placed closer to one coil
than to the other, and its signal was not self-cancelled. While these
designs do provide noise cancellation properties, they have an
important drawback. The approach of having a dedicated interfer-
ence detector to be half of the sensor assembly reduces the coil fill-
ing factor, e, by half, which leads to a reduction in signal to noise
ratio (SNR), which is proportional to

ffiffi
e
p

[8].
Poletto et al. [9] suggested that simultaneous detection of two

samples may be realized if each is placed within the active vol-
umes of each of the two coils comprising the sensor assembly sim-
ilar to the above. They introduced a two-coil detector for the
control of forbidden substances hidden in shoes. The coils were
constructed such that the distant-source noise signals were atten-
uated due to their being detected equally by each coil, followed by
a phase inversion in one of the coils, leading to self-cancellation
upon summation at the receiver. Both coils were involved in sam-
ple excitation performed with opposite phases in the two coils. The
sample signals were, therefore, also detected with opposite phases,
after which one of them underwent a phase inversion, leading to
their constructive interference at the receiver. The disadvantage
of his approach, however, is that it assumes some prior knowledge
of the possible illicit substance location, and provides no detection
capability outside of this region (in the region between the coils,
for example).

1.3. Background on multi-frequency sensor designs

NQR-active materials normally exhibit multiple resonance lines
at a range of frequencies. Simultaneous detection at more than one
frequency can be utilized to make the detection very specific, dras-
tically decreasing the possibility of false-positive alarms. Addition-
ally, a sensor with multi-frequency capability could be used for
simultaneous detection of various target substances, which is an
important practical necessity. The measurements performed with
different frequency channels of such sensor need to be indepen-
dent, and, therefore, the channels have to possess a high degree
of isolation (�15 dB is usually sufficient). Common multi-tuned
coils, such as surface or solenoid coils, generally rely on the differ-
ence in frequencies between the channels as a source of this isola-



Fig. 1. Current distribution patterns in the legs of the sensor are shown for Mode 1 (surface mode), Mode 2 (butterfly mode), Mode 3 and Mode 4, corresponding to different
frequencies of the coil’s operation. All modes are orthogonal to each other.

Fig. 2. Schematic view of the current distributions in the legs of the sensor are displayed for all four modes (a – Mode 1, b – Mode 2, c – Mode 3, d – Mode 4), along with the B1

field patterns occurring due to these currents (e – Mode 1, f – Mode 2, g – Mode 3, h – Mode 4).
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tion, and, consequentially, suffer from the inability to have close
frequency positioning, which may be required. Lai [10] proposed
geometric decoupling to alleviate this issue, utilizing linear surface
coils with mutually perpendicular B1 fields. This approach, how-
ever, complicates the shapes of the resulting sensors, restricting
accessibility and, therefore, limiting their usefulness. Additionally,
only three such universally decoupled cannels are possible, while
any additional resonance frequencies are attained by multi-tuning
the individual coils, which makes them susceptible to the above-
mentioned limitation.

Accordingly, a well designed sensor device for illicit substance
detection with NQR should possess the following properties:

1. Noise rejection, such that the signals coming from the scanned
objects may be discriminated from the environmental noise.

2. Independence of the prior knowledge of the possible locations
of the target substances (sensor without blind spots along its
surface).

3. Multi-frequency scanning capability via multiple well isolated
channels that can be used at different frequencies simulta-
neously and independently.

4. Simple shape (planar, for example) that permits easy access for
the scanned objects.

In this paper, we introduce a surface sensor that possesses all of
the above-mentioned properties. The device is most appropriate
for the use in conjunction with a multi-channel NQR spectrometer
for the detection of a wide range of illicit substances, such as explo-
sives or narcotics, as well as for any other NQR application, such as
industrial process monitoring or quality control.

2. Design principles

The design of the sensor is based on the planar ladder birdcage
structure [11–13] that is adapted for NQR-based applications. This
structure naturally possesses a number of modes, however, only
one or two of these modes are generally used in MR. Higher modes
correspond to phase-inhomogeneous RF fields and, therefore, are
useless for common MR studies. The sensor design described in
this work capitalizes on the potential use of any or all of the other
available modes, which, as shown below, possess all the necessary
properties, identified in the previous section as desirable for NQR
applications.
Fig. 3. Photograph of the sensor’s active surface is provided, showing the di
The sensor described in this work is based on a four-window
planar birdcage coil design with five legs carrying the current
responsible for the generation and the reception of the B1 fields
in the sensor’s working area. A planar birdcage coil can be viewed
as a half-wave resonator where a standing wave is formed in the
direction perpendicular to the coil’s legs. The current amplitudes
in the legs are modulated sinusoidally going from one leg to the
next, such that an integer number of half-periods fit between the
first and the last leg. Modes are formed at different frequencies
according to the number of the half-periods. We will refer to the
modes by the number of the formed half-periods. It is important
to point out that any of the modes may be excited independently
from the others, and that it is possible to separately adjust the fre-
quencies of the B1 fields generated and detected by these modes.

In MR studies, the use of the B1 fields with uniform magnitudes
and phases is preferred. This requirement provides restrictions on
the use of the modes available in the multi-modal sensors (only
two lowest modes of such sensors are used and their use is, gener-
ally, restricted to the central region of the devices). NQR measure-
ments of randomly oriented substances, such as explosives or
narcotics, on the other hand, are insensitive to the direction of
the B1 fields, as shown above. Consequentially, any or all of the
available modes may be utilized. As shown below, the use of the
higher modes provide a number of important advantages.

The current distributions in the legs of the sensor correspond to
the naturally formed resonant modes, as shown in Fig. 1. The cur-
rent flow patterns are shown in more detail in Fig. 2, along with the
corresponding B1 field patterns for each mode. It is evident from
Fig. 2e that Mode 1 corresponds to the B1 field similar to that of
a common single-loop surface coil, is relatively uniform in its
direction and magnitude, and is oriented perpendicular to the sen-
sor’s surface. This mode, which is sometimes called ‘‘surface mod-
e”, has a high degree of homogeneity and a significant penetration
depth. It is, however, susceptible to the common disadvantages of
the surface coils, such as a strong affinity to the environmental
interference. The B1 field corresponding to Mode 2, which is some-
times called the ‘‘butterfly mode”, undergoes one full phase rota-
tion along the sensor’s surface, while maintaining a relatively
constant magnitude, as illustrated in Fig. 2f. Consequentially, this
mode possesses some environmental interference rejection prop-
erties, and its penetration depth is not as great as that of Mode
1. The noise arriving in the direction orthogonal to the surface of
the coil is sensed by the left and the right sides of the device with
mensions of the device: a = 6.1 cm, b = 5.1 cm, c = 18.7 cm, d = 25.8 cm.
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opposite phases and, therefore, cancels itself out. The situation is,
therefore, similar to that described by Pusiol [14], in whose work
the noise rejection was achieved by using two separate coils that
generated and detected B1 field in the opposite directions and
summed the detected signals at the receiver. The difference is that
in the work by Pusiol [14], no field was created or detected in the
region of space between the coils, and, therefore, no detection of
substances could occur there. Mode 2 of the sensor described in
this work possesses the field in its central part as well, where it
is oriented parallel to the sensor’s surface. This field pattern is sim-
ilar to the one created by figure-8 or butterfly coil, which has pre-
viously been used in MR studies [15]. Detection of the target
objects with this mode can, therefore, be made anywhere along
the sensor’s surface.

For Mode 2 of the sensor described here, as for the sensor de-
scribed by Pusiol [14] and figure-8 coil [15], the cancellation of
the noise arriving from the direction parallel to the coil’s surface
and orthogonal to its legs depends of the nature of the signal.
Homogeneous interference signals coming from distant sources
will be better attenuated than those arriving from the nearby
sources. This is because the noise rejection properties rely on the
fact that the phase of the B1 field is rotated by one full cycle along
the sensor’s surface, and if the noise magnitude decreases going
from one side of the sensor to the other, cancellation will not be
complete. Modes 3 and 4, exemplified in Fig. 2g and h, possess fur-
ther improved noise rejection properties, since the B1 fields corre-
sponding to these modes become inverted more than once across
the surface area of the sensor. The current distribution in Mode 4
is similar to that created by a meanderline surface coil, which
has previously been successfully used for NQR detection of sub-
Fig. 4. Sensor driving and back shielding arrangement is presented showing: a –
vertical driving loop (coupled to Modes 2 and 4) and horizontal driving loop
(coupled to Modes 1 and 3) as well as b – copper shielding box containing the
driving loops, placed behind the sensor’s active surface.

Sensor surface

Sample

7.5 mm 

  4.5 mm 

dz

dz

ds

Fig. 5. Experimental setup is shown, where dz = 20 mm and ds = 9 mm for the sample con
containing NaNO2 (detected with Mode 4).
stances [16]. Better rejection of the noise coming from both the
distant and the nearby sources is, therefore, obtained. All of the
above-mentioned modes are orthogonal to each other and may,
therefore, be utilized simultaneously.

3. Experimental

Fig. 3 shows a photograph of the active surface of the sensor.
The sensor dimensions indicated in the figure were as follows:
a = 6.1 cm; b = 5.1 cm; c = 18.7 cm; d = 25.8 cm. All conductors
were made from copper tubes; each tube was 6.5 mm in diameter.
Groups of four 5 nF capacitors (American Technical Ceramics, Hun-
tington Station, NY, USA) were soldered in the middle of each leg of
the sensor to provide proper mode frequencies (open low-pass
birdcage configuration).

NQR experiments were conducted using Modes 3 and 4. To fine-
tune the modes’ frequencies the distance between the sensor and
its shield (shown in Fig. 4b) was adjusted from the side opposite
to the active surface, such that the frequency of Mode 3 arrived
at the value of 3.310 MHz. The frequency of Mode 4 was subse-
quently adjusted to 3.606 MHz by slightly changing capacitor val-
ues in the central leg. The latter manipulation did not affect the
frequency of Mode 3, which, as shown in Fig. 2c, does not support
any current in the central leg and, therefore, is not affected by the
present capacitance values.

The driving of the modes was performed by two inductive
loops, which were positioned centrally below the sensor’s surface
orthogonally to each other, as shown in Fig. 4a. The loop driving
Mode 3 was parallel to the sensor’s surface and the loop driving
Mode 4 was orthogonal to it. It can be seen from Fig. 2g and h that
this positioning of the loops ensures that the field lines originating
from Mode 4 do not cross the plane of the loop used to drive Mode
3 and vice versa. Undesired coupling of the neighboring modes
through the driving loops was, therefore, prevented. The figure also
makes it clear that Mode 1 could be driven by the loop used to
drive Mode 3 and that Mode 2 could be driven by the loop used
to drive Mode 4. Better than 15 dB of isolation was achieved be-
tween all four modes of the sensor. Each mode had an unloaded
Q factor of approximately 200.

To evaluate the noise rejection properties of the different modes
of the coil the following experiments were performed:

1. A known low-amplitude signal (�100 dBm) was injected into
the receiver at the resonance frequency of each mode
(2.092 MHz for Mode 1, 2.885 MHz for Mode 2, 3.310 MHz for
Mode 3 and 3.606 MHz for Mode 4) and the receiver’s gain
was adjusted to compensate for any frequency dependence.
Plastic cover

taining C6H12N4 (detected with Mode 3); dz = 10 mm and ds = 12 mm for the sample
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Fig. 6. Maximum amplitude NQR spectra for C6H12N4 (detected with Mode 3) and
NaNO2 (detected with Mode 4) are presented.
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2. White (incoherent) noise was collected and averaged over five
measurements for each mode of the coil using the FT spectra
in the range between 0 and 15 kHz from the mode frequencies.

3. Coherent noise was generated by placing a transmitting
antenna at a distance of 150 cm to the side of the coil, which
transmitted a strong interference signal at 10 kHz away from
the frequency of each mode. The intensity of the resulting peak
in the FT spectra at 10 kHz was averaged over five measure-
ments for each mode of the coil.

Normalized SNR maps for Mode 3 were collected using a sample
containing 50 g of hexametilene tetramine (C6H12N4) at
3.310 MHz, and for Mode 4 using a sample containing 70 g of so-
dium nitrite (NaNO2) at 3.606 MHz. All the measurements were
made at the room temperature. The samples were placed on a
4.5 mm thick plastic cover, which was positioned at three horizon-
tal planes parallel to the sensor surface, as shown in Fig. 5. For the
lowest plane, the cover was located at a distance of 7.5 mm above
the sensor surface. For the intermediate and the highest planes, the
cover was further raised by the distances dz and 2dz, where dz was
20 mm for C6H12N4 and 10 mm for NaNO2. The heights of the sam-
ples themselves were 18 mm for C6H12N4 and 20 mm for NaNO2.
The distances from the sensor surface to the samples were calcu-
lated taking into account the distances from the corresponding
planes to the centers of the samples. In order to perform the map-
pings for each surface, a 24 cm long and 36 cm wide grid was
made, consisting of 35 points, distributed every 6 cm. The samples
were placed at every point, after which the NQR measurements
ware carried out.

Each NQR measurement was conducted using the SSFP pulse se-
quence with the TONROF method [17]. For measurements involv-
ing C6H12N4, each pulse train consisted of 400 p/2 pulses
separated by 2s = 12,000 ls. The receive frequency was shifted
by Df = 24 kHz from the transmit frequency. For measurements
involving NaNO2, each pulse train consisted of 400 p/2 pulses sep-
arated by 2s = 1350 ls. The receive frequency was shifted by
Df = 25 kHz from the transmit frequency. For each measurement,
a four steps phase cycle ð0; p2 ;p; 3p

2 Þ was made. The delay between
each cycle was 100 ms. The amount of material in each of the sam-
ples was selected such that the maximum signal intensity for each
sample was similar. Maximum amplitude NQR spectra for both
samples are presented in Fig. 6.

In order to measure the noise, identical parameters of the same
pulse sequence were used for each mode, and the acquisition was
carried out without the samples. The SNR values were determined
by the following expression:

SNR ¼ NQR line amplitude
average noise amplitude

ð3Þ
Fig. 7. The dependence of the normalized averaged coherent and incoherent noise
intensities on the mode number is presented, showing an increasing ability of the
higher modes to reject both types of the noise.
4. Results and discussion

As explained in Section 1.1, the properties of this sensor lead to
noise suppression that increases with the increasing mode num-
ber. The dependence of the incoherent and coherent types of noise
on the mode number is presented in Fig. 7. It can be seen from the
figure that both the coherent and the incoherent types of noise are
well suppressed by Modes 2–4 of the coil and that Mode 4 is capa-
ble of attenuating both types of noise by a factor of over 10 com-
pared to Mode 1, and, therefore, compared with the common
surface coils.

The SNR maps collected using Mode 3 (with C6H12N4 at
3.310 MHz) are presented in Fig. 8a–c; the SNR maps collected
using Mode 4 (with NaNO2 at 3.606 MHz) are presented in
Fig. 8d–f. The maps correspond to the predicted current and field
patterns for the modes, shown in Fig. 2. Mode 3 supports no cur-
rent in the central leg, which led to a slight field strength reduction
at that location. Correspondingly, the SNR maps for Mode 3 show



Fig. 8. SNR maps collected using Mode 3 (with C6H12N4 at 3.310 MHz) are presented on the left-hand side for a range of distances between the sample and the sensor’s
surface: a – 21 mm, b – 41 mm, c – 61 mm. SNR maps collected using Mode 4 (with NaNO2 at 3.606 MHz) are presented on the right-hand side for a range of distances
between the sample and the sensor’s surface: d – 24 mm, e – 34 mm, f – 44 mm.
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noticeable intensity reductions in the central region. This feature
was largely compensated by reducing the separation between the
adjacent legs of the coil, as shown in Fig. 3 (dimension b is some-
what smaller than dimension a). Mode 4, on the other hand, did
not display such feature, as expected from its current and field
pattern.
The usefulness of the sensor can be evaluated based on the SNR
maps provided in Fig. 8 and on the profiles taken horizontally
through the centers of the maps, displayed in Fig. 9. It can be esti-
mated from this data that reliable detection of substances contain-
ing less than 100 g of the NQR active materials can be performed
by this sensor in few seconds up to the sample distances of about



Fig. 9. Horizontal profiles taken through the centers of the SNR maps displayed in
Fig. 8 are presented. Estimations of the active volumes corresponding to Mode 3 and
Mode 4 can be made from the SNR maps and these profiles.
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6 cm for Mode 3 and about 5 cm for Mode 4 of this sensor. These
distances are sufficient for many applications, such as the detec-
tion of illicit substances hidden on a human body. The size of the
sensor used in this study was, however, chosen based only on con-
venience of the evaluation work. In situations where greater active
distances are required, larger size sensors should be used. Slightly
lower active distances were expected for Mode 4 based on its field
profile, which is confirmed by this study. On the other hand, this
mode is capable of a larger degree of noise rejection, which is also
confirmed by the presented data. Since the modes are completely
independent, they can potentially be jointly used for the simulta-
neous detection of two substances.

5. Conclusions

We have successfully designed and constructed a planar surface
sensor device suitable for illicit substance detection with NQR. The
sensor has no blind spots, is capable of the environmental noise
rejection and can be used for simultaneous multi-frequency scan-
ning via multiple well isolated channels. The noise rejection prop-
erties of the sensor were evaluated for four of its independent
channels (modes). The performance of the device was evaluated
using sample substances at two different frequencies using two
independent sensor channels (modes). All experimental results
corresponded to the theoretical predictions provided in this paper.
This device could be used for the detection of a wide range of illicit
substances, such as explosives or narcotics, as well as for any other
NQR application, such as industrial process monitoring or quality
control.
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