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(54) INSPECTION DEVICES AND INSPECTION METHODS

(57) Inspection devices and inspection method are
disclosed. The inspection method includes: performing
X-ray scanning on an object being inspected so as to
generate an image of the object being inspected; dividing
the image of the object being inspected to determine at
least one region of interest; detecting interaction between
a cosmic ray and the region of interest to obtain a detec-
tion value; calculating a scattering characteristic value
and/or an absorption characteristic value of the cosmic

ray in the region of interest based on size information of
the region of interest and the detection value; and dis-
criminating a material attribute of the region of interest
by means of the scattering characteristic value and/or
the absorption characteristic value. With the above tech-
nical solutions, inspection accuracy and inspection effi-
ciency may be improved.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to radiation de-
tection technology, and in particular to devices and meth-
ods for inspecting an object being inspected, such as a
container truck.

BACKGROUND

[0002] With development of world economy and inter-
national trade, container/vehicle cargo transportation is
becoming widely used in national economy. Meanwhile,
it also brings convenience for terrorists to transport con-
traband and dangerous goods, such as nuclear materi-
als, explosives or drugs etc. which leads to serious threat
to the lives of people around the world. For example, if
nuclear material such as raw material uranium 235 or
plutonium 239 reaches a certain amount (e.g., uranium
12-16kg, plutonium 6-9kg), it is possible to cause weap-
ons-level nuclear explosion. In addition, criminal and eco-
nomic losses caused by illegal proliferation of explosives
and drugs have also brought great harm to individuals,
families and a whole society. Therefore, it is necessary
to strengthen nondestructive inspection on the contain-
er/vehicle cargo transportation, and strictly control and
manage the illegal proliferation of the above materials.
[0003] There is a problem with the prior art that the
current technique of inspecting the nuclear material
and/or the drugs has a lower detection accuracy or a
lower efficiency.

SUMMARY

[0004] In view of one or more of problems in the prior
art, an inspection device and an inspection method for
inspecting an object being inspected such as a container
are provided.
[0005] According to an aspect of the present disclo-
sure, an inspection method is provided, including: per-
forming X-ray scanning on an object being inspected to
generate an image of the object being inspected; dividing
the image of the object being inspected to determine at
least one region of interest; detecting interaction between
a cosmic ray and the region of interest to obtain a detec-
tion value; calculating a scattering characteristic value
and/or an absorption characteristic value of the cosmic
ray in the region of interest based on size information of
the region of interest and the detection value; and dis-
criminating a material attribute of the region of interest
by means of the scattering characteristic value and/or
the absorption characteristic value.
[0006] According to some embodiments, the image of
the object being inspected includes at least one of fol-
lowing images: a single-energy transmission image, an
attenuation coefficient image, a CT value image, an elec-
tron density image, and an atomic number image.

[0007] According to some embodiments, the material
attribute of one region of interest is discriminated by
means of the scattering characteristic value, and the ma-
terial attribute of another region of interest is discriminat-
ed by means of the absorption characteristic value.
[0008] According to some embodiments, the inspec-
tion method further includes: judging whether nuclear
material is contained in the region of interest by perform-
ing a nonparametric test.
[0009] According to some embodiments, the inspec-
tion method further includes: reconstructing a 3D image
of the object being inspected by means of parameters.
[0010] According to some embodiments, an alarm sig-
nal is issued when the material attribute of the object
being inspected satisfies a predetermined condition.
[0011] According to some embodiments, the step of
discriminating the material attribute of the region of inter-
est by means of the scattering characteristic value and/or
the absorption characteristic value includes: determining
an atomic number value of the material in the region of
interest based on the scattering characteristic value
and/or the absorption characteristic value by means of a
previously created classification curve or lookup table.
[0012] According to some embodiments, the inspec-
tion method further includes: monitoring a trajectory of
the object being inspected; and calculating, based on the
trajectory, the detection value indicating a result of the
interaction between the cosmic ray and the object being
inspected.
[0013] According to some embodiments, performing
the scanning on the object being inspected includes at
least one of: performing backscattering scanning on the
object being inspected; performing single-energy trans-
mission scanning on the object being inspected; perform-
ing single-energy CT scanning on the object being in-
spected; performing double-energy X-ray transmission
scanning on the object being inspected; performing dou-
ble CT scanning on the object being inspected.
[0014] According to some embodiments, the step of
calculating the scattering characteristic value and/or the
absorption characteristic value of the cosmic ray in the
region of interest based on the size information of the
region of interest and the detection value includes:
[0015] calculating the scattering characteristic value
by a formula of: 

wherein σθ denotes a Root Mean Square of a scattering
angle, p denotes an average momentum of incident par-
ticles, and L denotes the size information, particularly, a
thickness of the material obtained by the X-ray scanning;
calculating a stopping power value as the absorption
characteristic value by a formula of: 
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wherein Nscatte/(ascatter ·tscatter) represents a number
Nscatter of particles detected on an imaging area or vol-
ume ascatter within a time tscatter which are subjected to
a scattering effect by substances, Nstop/(astop ·tstop) rep-
resents a number Nstop of particles detected on an im-
aging area or volume astop within a time tstop which are
subjected to a stopping effect by substances, p denotes
the average momentum of the incident particles, and L
denotes the size information, particularly, the thickness
of the material obtained by the X-ray scanning.
[0016] According to another aspect of the present dis-
closure, an inspection device is provided, including: an
X-ray source configured to emit an X-ray to perform scan-
ning on an object being inspected; a detection and col-
lection apparatus configured to detect and collect the X-
ray penetrating the object being inspected to obtain de-
tection data; a data processing apparatus configured to
generate an image of the object being inspected based
on the detection data and divide the image of the object
being inspected to determine at least one region of inter-
est; a cosmic ray detection apparatus configured to de-
tect interaction between a cosmic ray and the region of
interest to obtain a detection value and calculate a scat-
tering characteristic value and/or an absorption charac-
teristic value of the cosmic ray in the region of interest
based on size information of the region of interest and
the detection value, wherein the data processing appa-
ratus is further configured to discriminate a material at-
tribute of the region of interest by means of the scattering
characteristic value and/or the absorption characteristic
value.
[0017] According to some embodiments, the inspec-
tion device further includes: a positioning apparatus con-
figured to determine a trajectory of the object being in-
spected, wherein the detection value obtained by the cos-
mic ray detection apparatus is matched with the trajectory
to obtain the detection value of the region of interest.
[0018] With the above technical solutions, inspection
accuracy and inspection efficiency may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to better understand the present dis-
closure, embodiments of the present disclosure will be
described according to the accompanying drawings, in
which:

Fig. 1 shows a schematic structure diagram of an
inspection device according to an embodiment of the
present disclosure;

Fig. 2 shows a schematic structure diagram of the
computing apparatus as shown in Fig. 1;

Fig. 3A shows a side view of an inspection device
according to an embodiment of the present disclo-
sure;

Fig. 3B shows a top view of an inspection device
according to an embodiment of the present disclo-
sure;

Fig. 3C shows a schematic diagram of an X-ray scan-
ning subsystem in an inspection device according to
an embodiment of the present disclosure;

Fig. 4A shows a schematic structure diagram of a
cosmic ray detector in an inspection device accord-
ing to an embodiment of the present disclosure;

Fig. 4B shows a side view depicting a cosmic ray
detector according to another embodiment of the
present disclosure;

Fig. 4C is a left side view depicting a cosmic ray
detector according to another embodiment of the
present disclosure;

Fig. 4D is another left side view depicting a cosmic
ray detector according to another embodiment of the
present disclosure;

Fig. 5 is a schematic flow chart depicting an inspec-
tion method according to an embodiment of the
present disclosure; and

Fig. 6 is a schematic flow chart depicting another
inspection method according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0020] Hereinafter, particular embodiments of the
present disclosure will be described in detail, and it
should be noted that the embodiments described herein
are for illustrative purposes only but not intended to limit
the present disclosure. In the following description, nu-
merous specific details are set forth in order to provide
a thorough understanding of the present disclosure. It
will be apparent, however, to the skilled in the art that the
present disclosure needs not be practiced with these spe-
cific details. In other instances, well-known circuits, ma-
terials, or methods are not specifically described in order
to avoid obscuring the present disclosure.
[0021] Throughout the specification, reference to "an
embodiment", "embodiment", "an example" or "example"
means that a particular feature, structure, or character-
istic described in connection with the embodiment or ex-
ample is included in at least one embodiment of the
present disclosure. Therefore, the phrase "in one em-
bodiment", "in an embodiment", "an example" or "exam-
ple" throughout the specification does not necessarily re-
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fer to the same embodiment or example. In addition, spe-
cific features, structures, or characteristics may be com-
bined in one or more embodiments or examples in any
suitable combination and/or sub-combination. In addi-
tion, it will be understood by the skilled in the art that the
drawings provided herein are for the purpose of illustra-
tion and that the drawings are not necessarily drawn in
scale. The term "and/or" used herein includes any and
all combinations of one or more of the items as listed.
[0022] For the problems in the prior art, an embodiment
of the present disclosure provide a method of inspecting
a container vehicle using X-rays and cosmic rays. Ac-
cording to the present embodiment, the object being in-
spected is scanned by an X-ray imaging system to obtain
information such as a structure, a thickness and a gray
scale of an object inside. Then, the object is detected by
a cosmic ray system. A ray source used by the cosmic
ray system is natural cosmic rays, which have stronger
penetration ability, and can penetrate heavy nuclear ma-
terial without an additional radiation source and be de-
tected. In an embodiment of the present disclosure, the
thickness and the gray scale provided by the X-ray im-
aging system are used as priori information for a cosmic
ray imaging/material identification process, in order to
address a problem that an imaging effect of the cosmic
rays is greatly affected by the thickness of the material
in a depth direction. Such an embodiment may improve
an effect of the cosmic ray imaging technique on classi-
fying substances, and may determine dangerous goods
or contraband, such as heavy nuclear material, explo-
sives and drugs contained therein, more accurately.
[0023] Usually, the object being inspected may be in-
spected with the X-rays. The X-rays have stronger pen-
etration ability, a shorter measurement time and a higher
resolution, which are commonly used in container cargo
inspection at airports, customs and the like, e.g. X-ray
transmission imaging, backscattering imaging and X-CT
scanning etc. However, for high-Z (atomic number) sub-
stances, such as lead-shielded radiation sources, shield-
ed or unshielded nuclear materials, a lead shield layer
with a thickness of only several centimeters may block
the X-rays, the conventional X-rays cannot penetrate the
heavy nuclear material for identification.
[0024] In an embodiment of the present disclosure, it
is proposed to inspect the object being inspected using
secondary particles generated by the cosmic rays. The
main particles of the cosmic rays when pass through the
atmosphere to reach a sea level are muons (m) and elec-
trons (e), with a ratio of about 10: 1. The muons have
strong average energy of about 3/4GeV, a mass of about
206 times of negative electrons, and a flux of about
10000/(minute*m2). It is measured that a maximum pen-
etration depth of the muons with energy of 4GeV in the
high-Z material, such as lead, is more than one meter,
and the muons with higher energy can penetrate tens of
meters of rock and metal. Thus, the muons of the cosmic
ray may penetrate the potential heavy nuclear substance
in the container vehicles/goods for detection.

[0025] In addition, according to an embodiment of the
present disclosure, Coulomb’s scattering occurs several
times when the muons pass through the substance, de-
viating from their original direction. There is a corre-
spondence between a scattering angle and an atomic
number of the substance, and thus the material may be
identified by measuring distribution of the scattering an-
gles of the muons after penetrating the substance. The
electrons in the cosmic rays have an obvious scattering
effect, and are prone to have a large angle deflection or
be absorbed when the electrons penetrate medium/low-
Z substance with a certain thickness in the detection area,
thus can be used for analyzing the distribution of the low-
Z substance, such as drugs/explosives. For example, a
correspondence relationship table or a classification
curve between a scattering angle and/or an absorption
characteristic and substances of various atomic numbers
may be established in advance, and then in practical in-
spection process, a corresponding atomic number value
may be obtained by collecting the scattering angle and/or
the absorption characteristic of the object being inspect-
ed, so as to determine an attribute of the material of the
object being inspected.
[0026] Fig. 1 shows a schematic structure diagram of
an inspection device according to an embodiment of the
present disclosure. The inspection device 100 as shown
in Fig. 1 includes an X-ray source 110, an X-ray detection
and data collection apparatus 130, a controller 140, a
computing apparatus 160, a monitoring apparatus 150
and a cosmic ray detection and data collection apparatus
170. The inspection device 100 may perform security in-
spection on an object being inspected 120, such as a
container trunk, e.g., judging whether there are contra-
bands such as nuclear material and/or drugs included.
Although an X-ray detector and a data collection appa-
ratus are integrated together as the X-ray detection and
data collection apparatus in the present embodiment, the
skilled in the art will appreciate that the X-ray detector
and the data collection apparatus may be formed sepa-
rately. Similarly, although in the present embodiment, a
cosmic ray detector and a data collection apparatus are
integrated together as the cosmic ray detection and data
collection apparatus, the skilled in the art will appreciate
that the cosmic ray detector and the data collection ap-
paratus may be formed separately.
[0027] According to some embodiments, the X-ray
source 110 as described above may be isotopes, an X-
ray machine, or an accelerator, etc. The performed scan-
ning modes may be transmission, backscattering or CT
etc. The X-ray source 110 may be of single energy or
dual energy. In this way, the object 120 being inspected
may be inspected by the X-ray imaging system. For ex-
ample, during the object 120 being inspected is proceed-
ing, an operator may issue a command to the controller
140 by means of a human-machine interaction interface
of the computing apparatus 160, instructing the X-ray
source 110 to emit the X-rays, the X-rays penetrating the
object 120 being inspected and then being received by
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the X-ray detection and data collection apparatus 130,
thereby an image of the object 120 being inspected may
be quickly learned, and thus information such as a struc-
ture and/or a size may learned, providing priori knowl-
edge for the subsequent inspection process of a cosmic
ray system. At the same time, suspicious regions (also
referred to as regions of interest) may be obtained by
dividing a transparency and grayscale view which may
be acquired according to the X-ray attenuation/gray
scale/ atomic number, such as the high-Z region which
cannot be penetrated by the X-rays and/or the low-Z re-
gion of the explosives/drugs which has limited discerni-
bility.
[0028] Fig. 2 shows a schematic structure diagram of
the computing apparatus as shown in Fig. 1. As shown
in Fig. 2, a signal detected by the X-ray detector 130 is
collected by a data collector, and data are stored in a
storage 161 through an interface unit 167 and a bus 162.
A read-only memory (ROM) 162 stores configuration in-
formation and program of a data processor of a computer.
A random access memory (RAM) 163 is used to tempo-
rarily store various data during a processor 165 is oper-
ating. In addition, the storage 161 also stores computer
program for performing data processing, such as sub-
stance identification program, image processing pro-
gram, and the like. An internal bus 163 connects the
above-mentioned storage 161, the read-only memory
162, the random access memory 163, an input apparatus
164, the processor 165, a display apparatus 166, and
the interface unit 167.
[0029] After a user enters an operation command input
by the input apparatus 164 such as a keyboard and a
mouse, instruction codes of the computer program in-
structs the processor 165 to execute a predetermined
data processing algorithm. After being obtained, a data
processing result is displayed on a display apparatus 167
such as an LCD display, or is output directly in a form of
a hard copy such as printing.
[0030] The data obtained by the X-ray detection and
data collection apparatus 130 are stored in the computing
apparatus 160 for operations such as image processing,
e.g. determining information such as a size and a position
of the region of interest (the high-Z region or the low-Z
region or a region which is hard to penetrate), in order to
provide the priori information for the subsequent detec-
tion by means of the cosmic rays. According to other
embodiments, the above-described X-ray system may
be replaced with an X-ray CT apparatus, or a dual-energy
system, so that the atomic number image/attenuation co-
efficient image/electron density image/CT value image
etc. of the object being inspected may be obtained. For
example, in a case of the dual-energy CT system, the X-
ray source 110 can emit both high-energy rays and low-
energy rays, and after the detector 130 detects projection
data at different energy levels, the processor 166 of the
computing apparatus 160 performs dual-energy CT re-
construction to obtain equivalent atomic number and
density data of respective faults of the object 120 being

inspected. In this case, the computing device 166 may
obtain image information of the object 120 being inspect-
ed, and divide based thereon to obtain the information,
such as the size and the position, of the region of interest
(the high-Z region or the low-Z region or the region which
is hard to penetrate, etc.), in order to provide more ac-
curate position basis and other priori information for the
subsequent cosmic ray inspection.
[0031] Fig. 3A shows a side view of an inspection de-
vice according to an embodiment of the present disclo-
sure, and Fig. 3B shows a top view of an inspection device
according to an embodiment of the present disclosure.
Fig. 3C shows a schematic diagram of an X-ray scanning
subsystem in an inspection device according to an em-
bodiment of the present disclosure. As shown in Fig. 3A,
an object 120 being inspected passes an inspection area
from left to right, on which a X-ray scanning process is
firstly performed and then a cosmic ray scanning process
is performed, under control of the controller 140 and the
computing apparatus 160 in a control box 190. Although
a transmission scanning system which includes the X-
ray source 110 and the X-ray detection and data collec-
tion apparatus 130 is used in the X-ray scanning as
shown in Fig. 3C, the skilled in the art will appreciate that
the above-described transmission scanning system may
be replaced with a CT scanning system or a backscatter
scanning system.
[0032] A monitoring apparatus (150 in Fig. 1, and 151
and 152 in Figs. 3A and 3B), such as a camera, may
monitor a travel path of the object 120 being inspected
when a vehicle is traveling. The cosmic ray detection and
data collection apparatus 170 arranged around the ve-
hicle detects information of the cosmic rays penetrating
the object being inspected, such as position, time, inten-
sity, etc., so that the entire vehicle body/cargo may be
inspected, or only a suspicious region provided by the X-
ray imaging system may be analyzed in depth. According
to the embodiments of the present disclosure, the cosmic
rays for cosmic ray imaging are munos and/or electrons.
For a large area position sensitive detector for container
vehicle inspection, a drift or a drift chamber, a RPC (Re-
sistive Plate Chamber), a MRPC (Multi-gap Resistive
Plate Chamber), a scintillator or scintillation fiber etc. may
be used as an available cosmic ray charged particle de-
tector. As shown in Fig. 3A, the cosmic ray detector in
an embodiment of the present disclosure includes an up-
per detection plate 171 and a lower detection plate 172,
wherein the lower detection plate 172 is disposed below
a ground 195, e.g., in a trench of the ground, and the
upper detection plate 171 is supported by support struc-
tures 181 and 182, the upper detection plate 171 and the
lower detection plate 172 forming an inspection space in
a vertical direction to allow the object 120 being inspected
to pass through.
[0033] Typically, in a shorter period of time, the parti-
cles which can be received simultaneously by two, three
or more layers of cosmic ray charged particle detectors
that are separated by a certain distance (which are re-
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ferred to as "a set of cosmic ray charged particle detec-
tors") are the same particles. In general, the cosmic ray
detector includes a set of detectors 171 and 172 which
are arranged on a top and a bottom surfaces respectively.
The position, reception time and energy of the received
particles are recorded by an electronic system such as
a data collection apparatus, and the travel trace and the
application position of the particles are calculated by
analysis on reception time difference. For example, two
particles received by different detectors within a very
short time (such as 1 ns) are considered to belong to the
same source. In addition, an incident path of the particle
may be determined by a layer of detector, and an outgo-
ing path of the particle may be determined by the detector
on the other side of the object being inspected, so as to
determine the position and the scattering angle of the
object being inspected relative to the cosmic rays based
on the incident trace and the outgoing trace.
[0034] In order to collect as many cosmic ray particles
as possible, the set of detectors may be located on both
sides of the object being inspected respectively, even in
front and rear of the object being inspected, with a multi-
face detector measurement method, such as four sets
(on top and bottom surfaces and two sides), six sets (on
top and bottom surfaces, two sides and front and rear
faces). As shown in Fig. 4A, the set of detectors include
a top detector 410, a bottom detector 411, a left detector
412, a right detector 413, a front detector 415, and a rear
detector 414, which are distributed around the object 120
being inspected. After the cosmic rays 420 penetrate the
top detector 410, they continue to penetrate the object
120 being inspected and are detected by the bottom de-
tector 411, as shown in Fig. 4A. In order to increase the
efficiency of particle detection, a detector arrangement
may also be used, in which the top and the bottom sur-
faces are disposed horizontally or obliquely, and a certain
angle is kept between the detectors arranged on both
sides and the ground, i.e., showing an extratensive U-
shaped arrangement.
[0035] In other embodiments, in order to improve the
inspection efficiency and allow the object being inspected
to pass through a scanning channel quickly, a continuous
large area detector may be used in the traveling direction,
so as to obtain sufficient particle information. Assuming
that a time instance at which the object 120 being in-
spected enters an entrance of the channel is t1, a time
instance at which the object 120 being inspected leaves
an exit of the channel is t2, a total vehicle length is l, and
a vehicle speed is maintained at about v m/s, a total length
of the channel is about (v·(t2-t1)+2·l). In addition, a small
area detector or a segmented detector may be used to
perform a parking inspection on a designated region of
the object being inspected, as shown in Figs. 4B, 4C and
4D. Firstly, the position of the suspicious object 121 is
judged based on the X-ray imaging result, and then the
object 120 being inspected is stopped to the measure-
ment area for inspection. For example, the suspicious
object 121 is just located at a position between a small

area top detector 420 and a small area bottom detector
421, thereby facilitating the inspection.
[0036] As shown in Figs. 4C and 4D, the small area
detector 421 or the segmented bottom surface detectors
422, 423 and 424 may be buried underground, and the
suspicious region 121 of the object being inspected is
just located between the top detector 420 and the bottom
detector 421. The bottom detectors 422, 423 and 424
may also be protruded on the ground, just separated by
the wheel portions. Although the data amount collected
by such small area or segmented detectors is not as com-
plete as that collected by the continuous large area de-
tector, it is possible to reduce difficulty in detector design,
system build-up and maintenance, simplify the structure
of the system, and decrease cost of hardware and soft-
ware.
[0037] In some embodiments, the track of the moving
vehicle is detected by the continuous large area position
sensitive detector. Since the vehicle is moving in the in-
spection channel, it is necessary to use the monitoring
apparatus 150 to record the travel track of the vehicle,
so as to coincide with the position of the cosmic ray par-
ticles detected by the detector. Conventional methods
include video positioning, optical path positioning and
pressure sensing etc. As the vehicle is proceeding slowly,
and its route is approximately a straight line, require-
ments for the monitoring apparatus 150 need not be too
high. If multiple cameras are used for video tracking, only
the top camera can meet the positioning requirements.
In other embodiments, it only needs to arrange a column
of light path on one side of the vehicle side when the
optical path positioning is used.
[0038] According to an embodiment of the present dis-
closure, a large amount of data generated during the
scanning process may be transmitted to a back-end data
processing workstation via a wireless transmission or a
wired transmission such as an optical cable, a network
cable etc. Compared to the wireless mode, it is recom-
mended to use the cable transmission mode, which not
only can guarantee the speed of data transmission, re-
duce loss of signal during the transmission and improve
anti-jamming ability of the signal transmission, but also
can significantly reduce technical difficulty and cost on
data collection.
[0039] According to an embodiment of the present dis-
closure, the moving vehicle inspection process may in-
clude mechanical control, electrical control, data collec-
tion, image reconstruction, material identification, result
display and danger alarming, etc., which are all controlled
by the control box (190 in Fig. 3A) in a master control
center. The processing apparatus 165 (e.g., a processor)
may be a high performance single PC, or a workstation
or a cluster. The display may be a traditional CRT (cath-
ode-ray tube) display or a liquid crystal display.
[0040] Fig. 5 is a schematic flow chart depicting an
inspection method according to an embodiment of the
present disclosure. As shown in Fig. 5, in step S510, X-
ray scanning is performed on the object being inspected
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to produce an image of the object being inspected. For
example, transmission scanning or CT scanning/dual-
energy CT scanning is performed by the system as
shown in Fig. 1 on the object 120 being inspected to
obtain the image of the object 120 being inspected, and
thus obtain inner structure information and size informa-
tion etc. Firstly, the X-ray imaging system is used to scan
the vehicle/cargo to obtain general structure and size in-
formation of the object, especially the thickness of the
material in the depth direction.
[0041] In step S520, the image of the object being in-
spected is divided to determine at least one region of
interest. For example, since a grayscale view of the X-
ray imaging and a rule of variation of the atomic numbers
are similar, suspicious regions may be obtained as the
region of interest by the division according to the gray-
scale view, e.g., the high-Z region which cannot be pen-
etrated by the X-rays and/or the low-Z region of the ex-
plosives/drugs which has limited discernibility.
[0042] In step S530, interaction between the cosmic
ray and the region of interest is detected to obtain a de-
tection value. For example, when the cosmic ray particles
pass through a medium, they exhibit different scattering
and absorption characteristics depending on types of ma-
terials. The detector 170 detects information such as the
number of incident particles and the number of outgoing
particles, the reception time, the detection position and
the energy thereof.
[0043] In step S540, a scattering characteristic value
and/or an absorption characteristic value of the cosmic
ray in the region of interest is calculated based on size
information of the region of interest and the detection
value. For example, characteristic parameters, such as
a scattering density value and a stopping power value,
of the region of interest, such as the high-Z region and/or
the low-Z region, are respectively calculated using the
above-mentioned detection value and the size informa-
tion of the region of interest.
[0044] In step S550, a material attribute of the region
of interest is discriminated by means of the scattering
characteristic value and/or the absorption characteristic
value. According to an embodiment of the present dis-
closure, the Coulomb’s scattering occurs several times
when the muons pass through the substance, deviating
from their original direction. There is a correspondence
between a scattering angle and an atomic number of the
substance, and thus the material may be identified by
measuring distribution of the scattering angles of the
muons after penetrating the substance. The electrons in
the cosmic rays have an obvious scattering effect, and
are prone to have a large angle deflection or be absorbed
when the electrons penetrate medium/low-Z substance
with a certain thickness in the detection area, thus can
be used for analyzing the distribution of the low-Z sub-
stance, such as drugs/explosives. For example, the cor-
respondence relationship table or the classification curve
between the scattering angle and/or the absorption char-
acteristic (for example stopping power) and substances

of various atomic numbers may be established in ad-
vance, and then in practical inspection process, the cor-
responding atomic number value may be obtained by
collecting the scattering angle and/or the absorption
characteristic of the object being inspected, so as to de-
termine the attribute of the material of the object being
inspected.
[0045] In some embodiments, when the cosmic ray
charged particles pass through the medium, different
scattering and absorption attributes may be exhibited de-
pending on the types of the materials. In addition to phys-
ical quantities associated with the above attributes, the
thickness of the material in the depth direction is critical
to the calculation of the parameters, besides the number
of the incident particles and the number of the outgoing
particles, the reception time, the detection position and
the energy measured by the detector system. Therefore,
the present disclosure firstly uses the X-ray imaging sys-
tem to obtain the structure and the material thickness
information of the object, and then calculates the scat-
tering and absorption characteristics of the substances
on the cosmic ray particles for material discrimination.
The material identification and positioning effect are bet-
ter than those of the method of directly using the cosmic
ray imaging.
[0046] In addition, since the low-Z substance has ob-
vious discriminability on absorption (or stop) of the cos-
mic rays and the high-Z substance has obvious discrim-
inability on scattering of the cosmic rays, it is required to
discriminate between the low-Z substance and the high-
Z substance respectively based on different regions. Be-
fore that, it is required to divide the atomic numbers of
the substances into the low-Z region or the high-Z region
as the region of interest, and such a process may also
be implemented by the X-ray imaging system.
[0047] Fig. 6 is a schematic flow chart depicting anoth-
er inspection method according to an embodiment of the
present disclosure. As shown in Fig. 6, in step S611, an
initial inspection is firstly performed by the X-ray imaging
system on the object 120 being inspected, such as the
vehicle, in the inspection area, and then in step S612,
the structure image and/or the thickness information of
the object in the container is quickly acquired, providing
priori knowledge for the secondary inspection of the cos-
mic ray system. In step S613, the suspicious regions,
such as the high-Z region of the heavy nuclear material
which cannot be penetrated by the X-rays, and the low-
Z region of the explosives /drugs which has limited dis-
cernibility, are divided based on e.g. the gray scale value.
In other embodiments, the division of the regions of in-
terest may also be performed by atomic number/electron
density/linear attenuation coefficient etc.
[0048] Then in step S614, the object 120 being inspect-
ed is driven into the cosmic ray inspection channel, and
in an example where two sets of large area position de-
tectors are used to inspect the moving vehicle, the posi-
tion detectors on the top and the bottom record the cos-
mic ray particle signals, respectively. At the same time,
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the monitoring apparatus 150 is arranged in the channel,
which records the position of the vehicle being inspected
at all times, and transmits the time-position information
to the control center, so as to coincide with the subse-
quent trajectory.
[0049] In step S615, a data collection circuit records
the values such as the position, the reception time, the
energy and the like of the particles received by detector
170. The computing apparatus 160 performs the time
difference analysis, and calculates the travel trace and
the application position of the particles to coincide with
the time-position information of the monitoring system. If
some particle is detected by the incident detector and is
received by the receiving detector simultaneously in a
short time, it is considered to be a scattering particle. If
it enters the measurement area, and is only detected by
the incident detector but is not received by the receiving
detector, it is considered to be a stopped particle.
[0050] In step S616, the high-Z and the low-Z suspi-
cious regions are obtained by division according to the
grayscale view of the X-rays, and the scattering density
and the stopping power are respectively calculated
based on the size of the region of interest and the detec-
tion value obtained by the cosmic ray detector 170. For
example, the vehicle/cargo is scanned using the X-ray
imaging system to obtain the general structure and size
information of the object, especially the thickness of the
material in the depth direction. Since the grayscale view
of the X-ray imaging and the rule of the variation of the
atomic numbers are similar, the suspicious regions may
be obtained by the division according to the grayscale
view, e.g., the high-Z region which cannot be penetrated
by the X-rays and/or the low-Z region of the explo-
sives/drugs which has limited discernibility. The charac-
teristic parameters of the high-Z region and the low-Z
region may be respectively calculated by formulae as
follows.
[0051] The scattering density is calculated for the high-
Z region, and the cosmic ray particles involved are mainly
muons: 

wherein σθ denotes a Root Mean Square of the scattering
angle, p denotes an average momentum of the incident
particles, and L denotes the thickness of the material
which is obtained by the X-ray imaging system. For ex-
ample, two particles received by different detectors within
a very short time (such as 1 ns) are considered to belong
to the same source. In addition, an incident path of the
particle may be determined by a layer of detector, and
an outgoing path of the particle may be determined by
the detector on the other side of the object being inspect-
ed, so as to determine the position and the scattering
angle of the object being inspected relative to the cosmic
rays based on the incident trace and the outgoing trace.

For example, the above average momentum may be cal-
culated based on the detection value from the detector.
[0052] The stopping power is calculated for the low-Z
region material, and the cosmic ray particles involved
include muons and electrons: 

wherein Nscatter/ascatter ·tscatter) represents a number
Nscatter of particles detected on an imaging area or vol-
ume ascatter within a time tscatter which are subjected to
a scattering effect by substances, Nstop/(astop ·tstop) rep-
resents a number Nstop of particles detected on an im-
aging area or volume astop within a time tstop which are
subjected to a stopping effect by substances, p denotes
the average momentum of the incident particles, and L
denotes the thickness of the material which is obtained
by the X-ray imaging system. If some particles are de-
tected by the incident detector and are received by the
receiving detector simultaneously in a short time, it is
considered to be a scattering particle. If it enters the
measurement area, and is only detected by the incident
detector but is not received by the receiving detector, it
is considered to be a stopped particle.
[0053] In step S617, the attribute of the material in the
low-Z region is discriminated by the calculated stopping
power. For example, the attribute of the material may be
determined by creating the correspondence relationship
table between the stopping power values of some sub-
stances and the atomic numbers in advance, and deter-
mining the atomic number of the region of interest by
looking up the table.
[0054] In step S618, the attribute of the material in the
high-Z region is discriminated by the calculated scatter-
ing density values. For example, the attribute of the ma-
terial may be determined by creating the correspondence
table between the scattering density values of some sub-
stances and the atomic numbers in advance, and deter-
mining the atomic number of the region of interest by
looking up the table.
[0055] In step S619, a quick judgment may be made
by a nonparametric test, for example, the nonparametric
test, such as a K-S test, a chi-square test etc., may be
performed based on the atomic numbers of several
points in the high-Z region and/or the low-Z region to
determine whether contraband is included. If there is con-
traband, a parameter reconstruction algorithm is further
used to perform substance identification and 3D space
positioning on the suspicious region. The parameter re-
construction algorithm may use a PoCA algorithm based
on track fitting reconstruction, a MLSD-OSEM algorithm
based on maximum likelihood iterative reconstruction, or
a most probable trace method based on priori estimation
etc.
[0056] Since the imaging quality increases with incre-

13 14 



EP 3 333 594 A1

10

5

10

15

20

25

30

35

40

45

50

55

ment in the amount of the cosmic ray particles, in order
to obtain a better signal to noise ratio and a better image
quality, sufficient data may be collected once for uniform
data processing, or new data may be added in real time
to be processed step by step. Considering that the vehicle
being inspected has a larger volume, and large compu-
tation amount is needed in order to obtain an image with
a better spatial resolution, some acceleration methods
are required to be used for improving the imaging speed.
And since a plurality of effective traces are independent
from each other, the reconstruction process may be per-
formed in parallel, and can be parallelized by a multicore
CPU, a multithreaded GPU, or other accelerating meth-
ods.
[0057] In step S620, the detection result is provided by
the display. If there is no contraband such as heavy-nu-
clear material, explosives or drugs, the vehicle may pass
through normally; otherwise, an danger alarming is en-
abled, issuing a warning, and the type and the position,
or even a 3D image reconstructed by the cosmic rays or
an image mixed with the X-ray image of the contraband
are displayed on the display.
[0058] The above embodiments of the present disclo-
sure combine the X-ray imaging technology with the cos-
mic ray imaging technology. By performing a dual-mode
scanning on the object being inspected, not only the iden-
tification effect of the traditional cosmic ray imaging tech-
nology on the heavy-nuclear material is improved, but
also the identification accuracy for the medium-light Z
material, such as drugs and explosives and other dan-
gerous goods and contrabands, may be increased. The
X-ray imaging technology may quickly obtain the general
structure, thickness and grayscale information of the ve-
hicle/cargo, provide the priori knowledge for the subse-
quent reconstruction. The cosmic ray imaging technolo-
gy uses natural cosmic rays, which has strong penetra-
tion capability, and may penetrate the material with a high
density and a high thickness. With the thickness and the
priori information provided by the X-ray imaging system,
classification of the cosmic ray imaging system on the
medium-light Z material may also achieve a good imag-
ing effect. A safe and effective inspection scheme may
be provided for the heavy-Z material, such as the heavy
nuclear substance, and the medium-light Z material, such
as the explosives/drugs.
[0059] Various embodiments of the inspection devices
and the inspection methods have been explained in the
above detailed description in connection with the sche-
matic diagrams, flowcharts and/or examples. In a case
that such schematic diagrams, flowcharts and/or exam-
ples include one or more functions and/or operations, it
will be understood by the skilled in the art that each of
the functions and/or operations in the schematic dia-
grams, flowcharts and/or examples may be implemented
separately and/or collectively by various configurations,
hardware, software, firmware, or substantially any com-
bination thereof. In one embodiment, several portions of
the subject matter of the embodiments of the present

disclosure may be implemented by application specific
integrated circuits (ASICs), field programmable gate ar-
rays (FPGAs), digital signal processors (DSPs), or other
integrated formats. However, the skilled in the art will
recognize that some aspects of the embodiments dis-
closed herein may be equivalently implemented in a
whole or in part in an integrated circuit, which may be
implemented as one or more programs running on one
or more computers (e.g., implemented as one or more
programs running on one or more computer systems),
implemented as one or more programs running on one
or more processors (e.g., implemented as one or more
programs running on one or more microprocessors), im-
plemented as firmware, or substantially as any combina-
tion thereof, and the skilled in the art will have the capa-
bility of designing circuits and/or writing in software
and/or firmware code based on the present disclosure.
In addition, the skilled in the art will realize that the mech-
anisms of the subject matters of the present disclosure
may be distributed as various forms of program products,
and that regardless of the particular type of the signal
carrier medium for performing the distribution, the em-
bodiments of the subject matters of the present disclo-
sure are all applicable. Examples of signal carrier medi-
um includes, but are not limited to, recordable medium,
such as floppy disks, hard disk drives, compact discs
(CDs), digital versatile disks (DVDs), digital tapes, com-
puter memory, and the like; and transmission medium,
such as digital and/or analog communication medium
(e.g., fiber optic cables, waveguides, wired communica-
tion links, wireless communication links, etc.).
[0060] While the present disclosure has been de-
scribed with reference to several typical embodiments,
it should be understood that the terms used here are
illustrative and exemplary but not restrictive. Since the
present disclosure can be embodied in many forms with-
out departing from the spirit or substance of the present
disclosure, it should be understood that the above-de-
scribed embodiments are not limited to any of the fore-
going details, but should be construed broadly within the
spirit and scope of the present disclosure as defined by
the appended claims. Thus, all variations and modifica-
tions that fall within the scope of the claims or the equiv-
alents thereof are intended to be covered by the append-
ed claims.

Claims

1. An inspection method comprising:

performing X-ray scanning on an object being
inspected to generate an image of the object
being inspected;
dividing the image of the object being inspected
to determine at least one region of interest;
detecting interaction between a cosmic ray and
the region of interest to obtain a detection value;
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calculating a scattering characteristic value
and/or an absorption characteristic value of the
cosmic ray in the region of interest based on size
information of the region of interest and the de-
tection value; and
discriminating a material attribute of the region
of interest by means of the scattering character-
istic value and/or the absorption characteristic
value.

2. The inspection method according to claim 1, wherein
the image of the object being inspected includes at
least one of following images:

a single-energy transmission image, an attenu-
ation coefficient image, a CT value image, an
electron density image, and an atomic number
image.

3. The inspection method according to claim 1, wherein
the material attribute of one region of interest is dis-
criminated by means of the scattering characteristic
value, and the material attribute of another region of
interest is discriminated by means of the absorption
characteristic value.

4. The inspection method according to claim 1, further
comprising:

judging whether nuclear material is contained in
the region of interest by performing a nonpara-
metric test.

5. The inspection method according to claim 1, further
comprising:

reconstructing a 3D image of the object being
inspected by means of parameters.

6. The inspection method according to claim 1, wherein
an alarm signal is issued when the material attribute
of the object being inspected satisfies a predeter-
mined condition.

7. The inspection method according to claim 1, wherein
the step of discriminating the material attribute of the
region of interest by means of the scattering charac-
teristic value and/or the absorption characteristic val-
ue comprises:

determining an atomic number value of the ma-
terial in the region of interest based on the scat-
tering characteristic value and/or the absorption
characteristic value by means of a previously
created classification curve or lookup table.

8. The inspection method according to claim 1, further
comprising:

monitoring a trajectory of the object being in-
spected; and
calculating, based on the trajectory, the detec-
tion value indicating a result of the interaction
between the cosmic ray and the object being
inspected.

9. The inspection method according to claim 1, wherein
performing the scanning on the object being inspect-
ed comprises at least one of:

performing backscattering scanning on the ob-
ject being inspected;
performing single-energy transmission scan-
ning on the object being inspected;
performing single-energy CT scanning on the
object being inspected;
performing double-energy X-ray transmission
scanning on the object being inspected;
performing double CT scanning on the object
being inspected.

10. The inspection method according to claim 1, wherein
the step of calculating the scattering characteristic
value and/or the absorption characteristic value of
the cosmic ray in the region of interest based on the
size information of the region of interest and the de-
tection value comprises:

calculating the scattering characteristic value by
a formula of: 

wherein σθ denotes a Root Mean Square of a
scattering angle, p denotes an average momen-
tum of incident particles, and L denotes the size
information, particularly, a thickness of the ma-
terial obtained by the X-ray scanning;
calculating a stopping power value as the ab-
sorption characteristic value by a formula of: 

wherein Nscatter/ascatter ·tscatter) represents a
number Nscatter of particles detected on an im-
aging area or volume ascatter within a time tscatter
which are subjected to a scattering effect by sub-
stances, Nstop/(astop ·tstop) represents a number
Nstop of particles detected on an imaging area
or volume astop within a time tstop which are sub-
jected to a stopping effect by substances, p de-
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notes the average momentum of the incident
particles, and L denotes the size information,
particularly, the thickness of the material ob-
tained by the X-ray scanning.

11. An inspection device, comprising:

an X-ray source configured to emit an X-ray to
perform scanning on an object being inspected;
a detection and collection apparatus configured
to detect and collect the X-ray penetrating the
object being inspected to obtain detection data;
a data processing apparatus configured to gen-
erate an image of the object being inspected
based on the detection data and divide the im-
age of the object being inspected to determine
at least one region of interest;
a cosmic ray detection apparatus configured to
detect interaction between a cosmic ray and the
region of interest to obtain a detection value and
calculate a scattering characteristic value and/or
an absorption characteristic value of the cosmic
ray in the region of interest based on size infor-
mation of the region of interest and the detection
value,
wherein the data processing apparatus is further
configured to discriminate a material attribute of
the region of interest by means of the scattering
characteristic value and/or the absorption char-
acteristic value.

12. The inspection device according to claim 11, further
comprising:

a positioning apparatus configured to determine
a trajectory of the object being inspected, where-
in the detection value obtained by the cosmic
ray detection apparatus is matched with the tra-
jectory to obtain the detection value of the region
of interest.

13. The inspection device according to claim 11, wherein
the data processing apparatus is configured to dis-
criminate the material attribute of one region of in-
terest by means of the scattering characteristic val-
ue, and discriminate the material attribute of another
region of interest by means of the absorption char-
acteristic value.

14. The inspection device according to claim 11, wherein
the data processing apparatus is configured to de-
termine an atomic number value of the material in
the region of interest based on the scattering char-
acteristic value and/or the absorption characteristic
value by means of a previously created classification
curve or lookup table.

15. The inspection device according to claim 11, wherein

the data processing apparatus is configured to:

calculate the scattering characteristic value by
a formula of: 

wherein σθ denotes a Root Mean Square of a
scattering angle, p denotes an average momen-
tum of incident particles, and L denotes the size
information, particularly, a thickness of the ma-
terial obtained by the X-ray scanning;
calculate a stopping power value as the absorp-
tion characteristic value by a formula of: 

wherein Nscatter/(ascatter ·tscatter) represents a
number Nscatter of particles detected on an im-
aging area or volume ascatter within a time tscatter
which are subjected to a scattering effect by sub-
stances, Nstop/(astop ·tstop) represents a number
Nstop of particles detected on an imaging area
or volume astop within a time tstop which are sub-
jected to a stopping effect by substances, p de-
notes the average momentum of the incident
particles, and L denotes the size information,
particularly, the thickness of the material ob-
tained by the X-ray scanning.
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