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(57) ABSTRACT

A system, method, and mobile frame structure detect radia-
tion and 1dentify materials associated with radiation that has
been detected. A mobile frame structure 1s maneuvered over
an entity to be examined. A set of radiation data associated
with the entity 1s received from a set of radiation sensors that
are mechanically coupled to the at least one portion of the
mobile frame structure. At least one histogram i1s generated
based on the set of radiation data. The at least one histogram
1s compared to multiple spectral 1images associated with
known materials. The at least one histogram 1s determined to
substantially match at least one of the multiple spectral
images. A determination 1s made whether a material associ-
ated with the at least one of the multiple spectral images 1s a
hazardous material. Personnel 1s notified that the at least one

20009, radiation source 1s a hazardous material.
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MOBILE FRAME STRUCTURE WITH
PASSIVE/ACTIVE SENSOR ARRAYS FOR
NON-INVASIVE IDENTIFICATION OF
HAZARDOUS MATERIALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s based on and claims priority to
co-pending provisional U.S. patent application Ser. No.
61/128,115, entitled “Mobile Frame Structure With Passive/
Active SensorArrays For Non-Invasive Analysis For CBRNE
Maternals Present”, filed on May 19, 2008, and to U.S. patent
application Ser. No. 12/409,758, entltled “Horizontal Sensor
Arrays For Non-Invasive Identification Of Hazardous Mate-
rials”, filed on Mar. 24, 2009, by the same inventor, which 1s
based on and claims priority to previously co-pending, now
expired, provisional U.S. patent application Ser. No. 61/070,
560, entitled “Horizontal Sensor Arrays For Non-Invasive
Analysis Of CBRNE Matenials Present”, filed on Mar. 24,
2008, by the same iventor, and this application 1s also based
on co-pending provisional U.S. patent application Ser. No.
61/208,492, entitled “Method For Increased Gamma / Neu-
tron Detector Performance”, filed on Feb. 25, 2009, by the
same 1nventor, and to co-pending provisional U.S. patent
application Ser. No. 61/210,075, entitled “Method For
Increased Gamma/Neutron Detector Performance”, filed on
Mar. 13, 2009, by the same inventor, and to co-pending pro-
visional U.S. patent application Ser. No. 61/209,194, entitled
“High Performance Neutron Detector With Near Zero
Gamma Cross Talk”, filed on Mar. 4, 2009, by the same
inventor, and to co-pending provisional U.S. patent applica-
tion Ser. No. , entitled “High Performance Neutron
Detector With Near Zero Gamma Cross Talk, version 27, filed
on Mar. 13, 2009, by the same mventor; and co-pending
provisional U.S. patent application Ser. No. 61/210,234,
entitled “High Performance Neutron Detector With Near
Zero Gamma Cross Talk, version-3”, filed on Mar. 16, 2009,
by the same inventor; the entire collective teachings of which
being incorporated herein by reference.

FIELD OF THE INVENTION

[0002] Thepresentinvention generally relates to the field of
hazardous maternials detection, and more particularly relates
to a mobile frame structure including various active/passive
sensor arrays for identifying hazardous materials at an item
being examined.

BACKGROUND OF THE INVENTION

[0003] Hazardous material detection 1s an integral part of
safeguarding our well being from the threats of domestic and
foreign terror. Some hazardous material detection systems
are deployed on mobile platforms. However, most current
mobile radiation detection and CBRNE (chemical, biologi-
cal, radioactive, nuclear, and explosive) sensor systems gen-
erally cannot provide eil

ective throughput rates for inspec-
tion and cannot provide detection and identification of
shielded nuclear materials.

[0004] Gamma imaging systems are time consuming
devices that only 1indicate the presence of potential shuelding
for nuclear materials. Use of a gamma imaging system to
generate energy for detecting nuclear materals requires large
amounts of energy. Therefore, substantial shielding 1s needed
so that humans can safely operate these devices. X-ray based
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devices also have the same 1ssues associated with the gamma
imaging systems. The size and weight factors for the gamma
and x-ray systems also create a challenge for mobaility.
[0005] One particular implementation of mobile detection
systems 1s on shuttle carriers for use at seaports. However,
these devices are extremely large and are designed to inspect
containers stacked as many as four high. This straddle carrier
design cannot be transported outside of the port by standard
transport equipment such as a flat bed truck since the structure
1s too large.

[0006] Therefore aneed exists to overcome these problems
discussed above.

SUMMARY OF THE INVENTION

[0007] In one embodiment, a method for detecting radia-
tion and 1dentifying materials associated with radiation that
has been detected 1s disclosed. The method 1includes maneu-
vering a mobile frame structure over an entity to be examined
for radiation sources. A set of radiation data associated with
the entity 1s received from a set of radiation sensors that are
mechanically coupled to the at least one portion of the mobile
frame structure. At least one histogram 1s generated based on
the set of radiation data. The at least one histogram represents
a spectral 1mage of the entity. The at least one histogram 1s
compared to a plurality of spectral images associated with
known materials. The at least one histogram 1s determined to
substantially match at least one of the plurality of spectral
images. A determination 1s made whether material associated
with the at least one of the plurality of spectral images 1s a
hazardous material. Personnel are notified that the atleast one
radiation source 1s a hazardous material 1n response to deter-
mining that the material associated with the at least one of the
plurality of spectral images comprises hazardous matenal.
[0008] In another embodiment, a mobile frame structure
for detecting radiation and identifying materials associated
with radiation that has been detected 1s disclosed. The mobile
frame structure includes a mobility mechanism for maneu-
vering the mobile frame structure over an entity. The mobile
frame structure also includes a first side portion and at least a
second side portion situated opposite to the first side portion.
A passage 1s created between the first side portion and the at
least second side portion that 1s configured to allow the entity
to pass between the first side portion and the at least second
additional side portion. At least one of the first side portion
and the second side portion are adjustable in position. At least
one set of radiation sensors 1s mechanically coupled to at least
one of the first side portion and the at least second side
portion. A communication mechanism 1s communicatively
coupled to the at least one set of radiation sensors, wherein the
communication mechanism transmits a set of radiation data
associated with the entity that has been detected by the set of
radiation detectors to at least one information processing
system.

[0009] In yet another embodiment a system for detecting
radiation and 1dentifying materials associated with radiation
that has been detected 1d disclosed. The system includes a
mobile frame structure and at least one mnformation process-
ing system that 1s communicatively coupled to the mobile
frame structure. The mobile frame structure includes a mobil-
ity mechanism for maneuvering the mobile frame structure
over an entity. The mobile frame structure also includes a first
side portion and at least a second side portion situated oppo-
site to the first side portion. A passage 1s created between the
first side portion and the at least second side portion that 1s
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configured to allow the entity to pass between the first side
portion and the at least second side portion. At least one of the
first side portion and the second side portion are adjustable 1n
position. At least one set of radiation sensors 1s mechanically
coupled to at least one of the first side portion and the at least
second side portion. A communication mechanism 1s com-
municatively coupled to the at least one set of radiation sen-
sors, wherein the communication mechanism transmits a set
of radiation data associated with the entity that has been
detected by the set of radiation sensors to at least one infor-
mation processing system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying figures where like reference
numerals refer to 1dentical or functionally similar elements
throughout the separate views, and which together with the
detailed description below are incorporated 1n and form part
of the specification, serve to further illustrate various embodi-
ments and to explain various principles and advantages all in
accordance with the present invention.

[0011] FIG.11sablock diagram illustrating a general over-
view ol an operating environment according to one embodi-
ment of the present invention;

[0012] FIG.21sablockdiagramillustrating one example of
a mobile frame structure according to one embodiment of the
present invention;

[0013] FIG. 3 1s a block diagram illustrating a detection
zone within the mobile frame structure of FIG. 2 according to
one embodiment of the present invention;

[0014] FIG.41sablock diagram illustrating multiple detec-
tion zones within the mobile frame structure of F1G. 2 accord-
ing to one embodiment of the present invention;

[0015] FIG.51sablock diagram illustrating a more detailed
view of one of the detection zones of FIG. 4 according to one
embodiment of the present invention;

[0016] FIG. 61sablockdiagramillustrating one example of
a sensor configuration within the mobile frame structure of
FIG. 2 according to one embodiment of the present invention;

[0017] FIG. 7 1s a block diagram illustrating a shielded
environment in proximity to the mobile frame structure of
FIG. 2 according to one embodiment of the present invention;

[0018] FIG. 81saschematic of acoincident counting circuit
according to one embodiment of the present invention;

[0019] FIG. 9 1s an operational flow diagram illustrating
one process of detecting radiation and 1dentifying hazardous
materials associated with the radiation using a mobile frame
structure according to one embodiment of the present inven-
tion; and

[0020] FIG. 10 1s a block diagram illustrating a detailed
view of an mformation processing system, according to one
embodiment of the present invention.

DETAILED DESCRIPTION

[0021] As required, detailed embodiments of the present
invention are disclosed herein; however, 1t 1s to be understood
that the disclosed embodiments are merely examples of the
invention, which can be embodied in various forms. There-
fore, specific structural and functional details disclosed
herein are not to be interpreted as limiting, but merely as a
basis for the claims and as a representative basis for teaching,
one skilled in the art to variously employ the present invention
in virtually any appropriately detailed structure. Further, the
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terms and phrases used herein are not intended to be limiting;;
but rather, to provide an understandable description of the
invention.

[0022] Theterms “a” or “an”, as used herein, are defined as
one or more than one. The term plurality, as used herein, 1s
defined as two or more than two. The term another, as used
herein, 1s defined as at least a second or more. The terms
including and/or having, as used herein, are defined as com-
prising (1.e., open language). The term coupled, as used
herein, 1s defined as connected, although not necessarily
directly, and not necessarily mechanically.

[0023] General Operating Environment

[0024] According to one embodiment of the present mven-
tion as shown 1n FIG. 1 a general view of an operating envi-
ronment 100 1s illustrated. In one embodiment all or part of
the operating environment 100 1s implemented on a mobile
frame structure 200 (see also FIG. 2) for enabling the detec-
tion, analysis, and 1dentification of hazardous materials such
as CBRNE materials. For example, a mobile frame structure
200 can be equipped with passive an/or active sensor systems
for the non-invasive analysis of vehicles, trains, planes, boats,
containers, packages, containers, and the like to detect and
identity radiological, fissile, explosive, chemical, and bio-
logical matenals.

[0025] In particular, FIG. 1 shows a one or more sensor

arrays 102, 104 cach including a plurality of sensors 106, 108,
110, 112. In one embodiment, the sensors of one sensor array
are gamma radiation sensor devices and the sensors in the
other sensor array are neutron sensor devices. However, each
of the sensor arrays 102, 104 can include a combination of
gamma and neutron sensing devices as well. Examples of
radiation detectors are cadmium zinc telluride detectors,
sodium 10dide detectors, and the like. Neutron detectors can
be solid-state neutron detectors, which provide shock resis-
tance. Also, to assist 1n the detection of radiation at distances,
the gamma detectors may be equipped with collimators and/
or lenses that gather the radiological particles and focus these
particles onto the detectors. Shock resistance detectors are
suitable for verifying radiation from objects that can move
and cause shock/vibration hazards to the sensors. Each sensor
array 102, 104 1s communicatively coupled to a sensor inter-
face 114, 116 either by a wired and/or wireless communica-
tion link. The sensor interfaces 114, 116 communicatively
coupled the sensor arrays 102, 104 to a first network 118
thereby creating a distributed sensor network.

[0026] The first network includes wired and/or wireless
technologies and the sensor interface units 114 are commu-
nicatively coupled to the first network 118 either wirelessly
and/or via wired mechanisms. In one embodiment, the sensor
interfaces 114, 116 assign a unique IP address to each of the
sensors 106, 108, 110, 112 within the sensor arrays 102, 104.
The sensor interfaces 114, 116, 1n one embodiment, are sen-
sor integration units (“SIU) that provide the calibration,
automated gain control, calibration verification, remote diag-
nostics, and connectivity to the processor for spectral analysis
of the sensor data. SIUs are discussed 1n greater detail 1n 1n
U.S. Pat. No. 7,269,527 entitled “System integration module
for CBRNE sensors™, filed on Jan. 17, 2007, which 1s herein
incorporated by reference 1n 1ts entirety. It should be noted
that although FIG. 1 shows each of the sensor arrays 102, 104
coupled to a separate sensor interface 114, 116 a single sensor
interface can be coupled to all of the sensor arrays 102, 104.

[0027] One or more micro-neutron pulse devices 120 are
also 1included within the operating environment 100 and are
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communicatively coupled to a second network 122. A micro-
neutron pulse device 120 1s an active analysis device that
emits neutron pulses and whereby gamma feedback 1dentifies
shielded radiological materials such as highly enriched ura-
nium, explosives, illicit drugs, or other materials. The first and
second networks 118, 122 can include any number of local

area networks and/or wide area networks. It should be noted
that even though FIG. 1 shows two networks 118, 122, a

single network can be implemented or additional networks
can be added.

[0028] The operating environment 100 also includes an
information processing system 124 communicatively
coupled to the first network 110 via one or more wired and/or
wireless communication links. The information processing,
system 124 includes a data collection manager 126 and 1s
communicatively coupled to one or more data storage units
128. The one or more storage units 128 can reside within the
information processing system 122 and/or outside of the sys-
tem 122 as shown 1n FIG. 1. The data collection manager 126
manages the collection and/or retrieval of data 130 generated

by the sensors 106, 108, 110, 112 within the sensor arrays
102, 104 and optionally the micro-neutron pulse detector 120.

[0029] The data 130 generated by each of the sensors 106,
108, 110, 112, 1n one embodiment, 1s detailed spectral data
from each sensor device that has detected radiation such as
gamma radiation and/or neutron radiation. The data collec-
tion manager 126, in one embodiment, stores the data 130
received/retrieved from the sensor arrays 102, 104 and/or the
neutron pulse detector 120 1n one or more data storage
devices 128. A data storage device 128 can be a single hard-
drive, two or more coupled hard-drives, solid state memory
devices, and/or optical media such as (but not limited to)
compact discs and digital video discs, and the like. It should
be noted that this list of storage devices 1s not exhaustive and
any type of storage device can be used. It should also be noted
that information processing system 124 including the data
collection manager 126 1s modular in design and can be used
specifically for radiation detection and 1dentification and/or
tor data collection for explosives and special materials detec-
tion and identification.

[0030] The operating environment 100, in one embodi-
ment, also icludes an mmformation processing system 132
communicatively coupled to the at least a second network 122
via one or more wireless and/or wired communication tech-
nologies. The information processing system 132, in one
embodiment, includes a data analysis and monitoring man-
ager 134 that analyzes and monitors the data 130 retrieved/
received from the sensor arrays 102, 104 and optionally the
micro-neutron pulse detector 120. The data analysis and
monitoring manager 134, in one embodiment, includes a
multi-channel analyzer 136 and a spectral analyzer 138. The
data analysis and monitoring manager 134 and each of these
components 136, 138 are discussed 1n greater detail below.

[0031] Inone embodiment, a user interface 140, a manifest
database 142, and a materials database 144 are communica-
tively coupled to the information processing system 132
either directly or via anetwork (e.g. the second network 122).
The user interface 140, 1n one embodiment, 1S one or more
displays, mput devices, output devices and/or the like that
allows a user to monitor and/or interact with the information
processing system 132. The data and analysis functionality of
the information processing system 132, which 1s discussed in
greater detail below, can either be automated and/or supple-
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mented with human interaction. The user interface(s) 140
enables this human 1nteraction.

[0032] The manifest database 142 includes a plurality of
manifests 146 associated with shipping cargo, which can be
cargo on a water vessel, a ground vessel (e.g., cars, trucks,
and/or trains ), and/or an air transportation vessel. A manifest
146 includes a detailed description of the contents of each
container or cargo that 1s to be examined by the sensor arrays
102, 104 and/or the neutron pulse device(s) 120. The mani-
fests 146 are used by the information processing system 132
to determine whether the possible materials, goods, and/or
products within the container package, car, truck, or the like
match the expected authorized materials, goods, and/or prod-
ucts, described 1n the manifest 146 for the particular entity
under examination. The use of a manifest 146 during exami-
nation of an entity 1s discussed in greater detail below.

[0033] Thematerials database 144 includes materials infor-
mation 148 such as chemical material information, biological
material i1nformation, radioactive material information,
nuclear material information, and/or explosive material infor-
mation. Also, the materials information 148 can include iso-
tope information for known i1sotopes. For example, 1sotope
information can include spectral images, histograms, energy
levels, and/or the like associated with known 1sotopes. The
materials information 148, 1n one embodiment, 1s used by the
data analysis and monitoring manager 134 to determine
whether any hazardous materials are within an entity that 1s
being examined. This 1dentification/detection process 1s dis-
cussed 1n greater detail below.

[0034] It should be noted that although the manifest data-
base 142 and the materials database 144 are shown in FIG. 1
as being separate from the information processing system
132, one or more of these databases 142, 144 can reside
within the information processing system 132 as well. Fur-
thermore, the components of the information processing sys-
tem 124 and the information processing system 132 can be
implemented within a single information processing system
as compared to multiple systems as shown in FIG. 1.

[0035] The operating environment 100, in one embodi-
ment, also includes a remote monitoring information process-
ing system 150 communicatively coupled to the second net-
work 122. A user interface 152, which can include one or
more displays, mput devices, output devices and/or the like
that allows a user to monitor and/or 1nteract with the remote
system 150, 1s communicatively to the system 1350. The
remote monitoring system 150 includes a computer, memory,
and storage and enables a user to remotely monitor, manage,
and/or control the mobile frame structure 200 and/or the data
analysis and monitoring processes being performed at the
information processing system 132. Also, the remote moni-
toring system 150 can be a device such as a wireless commu-
nication device, portable computer, desktop and/or the like
that recerves notifications from the information processing
system 132 regarding the data analysis and monitoring pro-
CEesS.

[0036] In one embodiment, one or more monitors/camera
systems 154 such as (but not limited to) a closed circuit
television system are also included within the operating envi-
ronment 100. The cameras within this system 1354 can be
deployed around a mobile frame structure 200 at various
locations so that an operator can monitor the location of the
frame structure 200 and the sensors on the structure 200 with
respect to an entity being examined. Also, an examined entity
tracking system 156 1s also included within the operating
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environment 100. The examiner entity tracking system 156
tracks and monitors the 1dentity of each entity such as a truck,
car, train, boat, plain, cargo container, package, and the like
being examined. The tracking system 156 can include digital
cameras, radio frequency i1dentification tag (“RFID”) readers,
bar code scanners, character recognition mechanisms, mark-
ing systems, and the like that allow the tracking system to
identily an entity currently being examined. This allows the
information processing system 132 and/or an operator to
determine 1f an entity has previously been examined and to
also flag an entity when hazardous materials potentially
reside within the enftity.

[0037] Mobile Frame Structure For Non-Invasive Detec-
tion Of Hazardous Materials

[0038] The following 1s a more detailed discussion on
implementing the operating environment 100 (or at least a
portion of the environment) discussed above with respect to
FIG. 1 on a mobile frame structure 200. FIG. 2 shows one
example of a mobile frame structure 200 according to one
embodiment of the present mmvention. The mobile frame
structure 200, in one embodiment, provides a transportable
and mobile sensor system for analyzing an entity such as (but
not limited to) a container, vehicle, train, package or cargo in
a non-invasive approach. In one embodiment, the frame struc-
ture 200 can be configured similar to a short version of a
shuttle carrier for container movement at a sea port.

[0039] The mobile frame structure 200, 1n one embodi-
ment, includes four vertical structures 202, 204, 206, 208
situated at the corners of the mobile frame structure 200. A
horizontal member 210 1s mechanically coupled to the first
and second vertical structures 202, 206 which are deployed
on a first side 209 of the mobile frame structure 200. A second
horizontal structure (not shown), which 1s substantially simi-
lar to the first horizontal structure, 1s mechanically coupled to
the third and fourth vertical structures 204, 208 which are
deployed on a second side (not shown) directly opposite the
first side of the mobile frame structure 200. The horizontal
members 210, 1n one embodiment, mechanically couple a set
of moving members such as wheels 210, 212, 214, 216 to the
mobile frame structure 200. The moving members 211, 212,
214, 216 enable the mobile frame structure 200 to move 1n
various directions. Also, the horizontal members 210, 1n one
embodiment, include the sensor arrays 102, 104 and/or the
neutron pulse detector(s) 120. This allows an entity 222 to be
examined for detection and 1dentification of hazardous mate-
rials within the entity 222 as 1s discussed 1n greater detail
below.

[0040] An operator booth 218 can be mechanically coupled
at various locations on the mobile frame structure 200. The
operator booth 218 comprises controls that enable an operator
to maneuver the mobile frame structure over an entity 222 to
be examined. Also, an operator can control a lifting mecha-
nism 220 for transporting an entity 222 such as a container.
FIG. 2 shows the lifting mechanism 220 being mechanically
coupled to a set of rails 224, 226, which slide up and down on
the vertical structures 202, 204, 206, 208. This allows the
lifting mechanism 220 to move up and down, thereby lifting
and lowering then entity 222 when mateably coupled to the
lifting mechanism 220. It should be noted that the lifting
mechanism can be mechanically coupled to the mobile frame
structure 1n other ways not shown in FIG. 1. For example, the
lifting mechanism 220 can be mechanically coupled to a top
portion 228 (if included) of the mobile frame structure 200 as
well.
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[0041] The lifting mechanism 200, in one embodiment,
also houses a set sensor arrays 102, 104 and/or the neutron
pulse detector(s) 120. Therefore, as an entity 1s being trans-
ported by the mobile frame structure 200, an analysis of the
entity can be performed. It should be noted that a lifting
mechanism 220 1s not required. For example, mobile frame
structure 200 can drive over an entity to be examined or the
entity can drive through the mobile frame structure 200. The
structure 220 can be used only to house the sensor arrays 102,
104 and/or the neutron pulse detector(s) 120 so that the enti-
ties can be analyzed as they pass under the structure 220 or
stop under the structure 220. If the lifting mechanism 220 1s
not used to lift an entity 222, the structure 220 can still be
lowered to a position over the entity or mated with the entity
222 such that the analysis process can be performed.

[0042] In one embodiment, the frame structure 200 can
retract/increase 1n size to accommodate smaller/larger enti-
ties and to also reduce height and width to {it onto a standard
transportation vehicle. For example, each of the four vertical
structures 202, 204, 206, 208 can retract/increase 1n height.
Also, therails 224, 226 can also retract/increase 1n width. This
1s advantageous because different entities have varying
heights and widths and because the mobile frame structure
200 can dynamically change height and width dimensions, a
proper analysis of the entity i1s ensured. Also, the mobile
frame structure 200 can easily be transported by standard size
transportation vehicles.

[0043] The mobile frame structure 200 can be driven
locally and can also be driven and operated via remote con-
trol. For example, a user can use the remote monitoring sys-
tem 150 to remotely control the mobile frame structure 200
such as driving the mobile frame structure 200, positioning,
the lifting mechamism/scanner housing 220, activating/deac-
tivating scanners, controlling the analysis process, and the
like. This remote operation can be done over wired and/or
wireless links. Additionally, an operator can remotely operate
the mobile frame structure 200 over a network such as the
Internet as well. Remote operation 1s advantageous because
the mobile frame structure 200 can be operated without plac-
ing humans in dangerous conditions such as handling con-
tainers with hazardous materials.

[0044] As discussed above, the sensor arrays 102, 104 and/
or the neutron pulse detector(s) 120 can be deployed on the
sides (e.g., the horizontal structures 210) and/or the lifting
mechanism 220. Additionally, the sensor arrays 102, 104
and/or the neutron pulse detector(s) 120 can also be deployed
on the vertical structures 202, 204, 206, 208 and/or a bottom
platform (not shown) that 1s situated under the entity 222
being examined.

[0045] The mobile frame structure 200 includes a detection
arca/zone 301 (FIG. 3) which i1s the area between the frame
structure 200 and between the active 120 or passive detector
arrays 102, 104 deployed thereon. An example active detector
system 1s a micro-neutron pulse device 120 and associated
shielding system (FIG. 7) for detection and 1dentification of
chemical, biological, nuclear and explosives (CBRNE) mate-
rials. These detector arrays 102,104, 120 can be configured to
meet a wide variety of appllcatlons such as: shipping con-
tainer inspection, seaport security, cargo terminal security,
airport vehicle mspection, airport cargo inspection, airport
baggage inspection, vehicle inspection, truck stop cargo
inspection, border protection mspecting vehicles, cargo, per-
sons, rallway mspections, railcar inspection, subway security,
persons, and more.
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[0046] For example, FIG. 3 shows a detection zone 301
existing between a distributed sensor array comprising a sen-
sor array 302 deployed on a first side 303 of the mobile frame
structure 200, a sensor array 304 deployed on a second side
305 of the mobile frame structure 200, and a sensory array
320 deployed on an area/portion 307 of the mobile frame
structure 200 that1s above (and/or below) the entity 322 being
examined. In one embodiment, one of the sensor arrays 302,
304 on the side 303, 305 of the structure 200 includes a
gamma sensor array and the other side 303, 305 of the struc-
ture includes a neutron sensor array.

[0047] Itshould be noted that each of the side sensor arrays
302, 304 can include a combination of gamma and neutron
sensors. Alternatively, the upper (and lower 1f used) sensor
arrays 320 can also include gamma and/or neutron sensor
arrays as well. However, 1n one embodiment, the upper (and/
or lower) sensor array 320 includes a neutron pulse sensor
array, which 1s discussed 1n greater detail below. It should be
noted that the side sensor arrays 302, 204 can also include
neutron pulse detectors as well. Each of the sensor arrays 302,
304, 320 1s communicatively coupled to one or more SIU 314,

which 1s communicatively coupled to one or more networks
318.

[0048] The detection zone 301 discussed above, 1n one
embodiment, 1s partitioned into a plurality of different zones,
cach zone being associated with one or more sensors 1n a
sensor array 302, 304. For example, FI1G. 4 shows a top view
of a plurality of zones 402, 404, 406, 408, 410, 412 within a
frame structure 200 that comprises a target detection area
301. A first horizontal sensor array 102 1s deployed on a {irst
side 405 (e.g., horizontal member 210) of the frame structure
200 and a second horizontal sensor array 104 1s deployed on
a second side 407 of the frame structure 200 opposite from the
first side 405. FIG. 4 also shows an imaginary center line 414
running the length of the zones. This imaginary center line
414 1s shown for reference purposes only to denote a first
portion 416 (e.g., aleft portion) of a zone and a second portion
418 (e.g., right portion) of a zone.

[0049] Each portion 416, 418 of a zone 402 1s associated
with one or more sensors 401, 403 of the sensor array 102,
104 deployed on that particular side 405, 407 of the frame
structure 200. For example, the horizontal sensor array 102
deployed on the first side 405 of the frame structure 200
(which 1s the left side 1n this example) has a first set 401 of
sensors associated with a first portion 414 (which 1s the por-
tion to the left of the centerline 414 1n this example) of Zone_1
402. The horizontal sensor array 104 deployed on the second
side 407 of the frame structure 200 (which 1s the right side 1n
this example) has a set of sensors 403 associated with a
second portion 418 (which 1s the portion to the right of the
centerline 414 1n this example) of Zone_1 402,

[0050] FIG. 4 also shows that a second set 408 of sensors 1n
the first horizontal array 102 1s associated with a first portion
422 of Zone_2 404 and a first portion 424 of Zone_3 406. A
third set 424 of sensors in the first horizontal array 102 1s
associated with a first portion 428 of Zone_4 408 and a {irst
portion 420 of Zone_5 410. A fourth set of sensors 432 1n the
first horizontal array 102 1s associated with a first portion 434
of a Zone N 412. FIG. 4 further shows that a second set 436
of sensors 1n the second horizontal array 104 1s associated
with a second portion 438 of Zone_2 404 and a second portion
440 of Zone 3 406. A third set of sensors 442 in the second
horizontal array 104 1s associated with a second portion 444

of Zone 4 408 and a second portion 446 of Zone 5 410. A
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fourth set of sensors 448 in the second horizontal array 104 1s
associated with a second portion 450 of Zone N 412.

[0051] It should be noted the sensors are not limited to only
scanning their associated zone portion as the sensors can be
configured to scan across both portions 416, 418 of a zone.
For example, sensors within the first set 401 of the first hori-
zontal array 102 can scan from the “left” side 416 of Zone_1
402 across to the “right” side 428 of Zone_1 402. Sensors
within the first set 403 of the second horizontal array 104 can
scan from the “ride” side 418 of Zone 1 402 across to the

“left” side 426 of Zone 1 402. This results in scans with
different perspectives.

[0052] However, 1n one embodiment, sensors are config-
ured to scan out to given distances and 1n given directions.
Theretore, the zones are partitioned according to the sensor
types being deployed 1n the sensor arrays and based on sensor
configurations (e.g., known distances and directions associ-
ated with each sensor within an array). For example, FI1G. 4
shows that each zone with the exception of Zone_3 406 and
Zone 4 408 (spaced 15 1t apart from adjacent zones) are
spaced 10 1t apart. It should be noted that these distances are
only examples and do not limit the present invention in any
way. The number of zones and the spacing of zones, 1n one
embodiment, 1s a function of the sensor configurations within
the sensor arrays.

[0053] FIG. 5 shows a more detailed view of Zone_1 411.
In particular, FIG. 5 shows scanning distances and directions
associated with sensors 1n a set of sensors for each portion of
the zone. For example, FIG. 5 shows a first sensor 506 within
the first side sensor array 402 associated with Zone 1411 and
a second sensor 510 within the second side sensor 404 array
associated with Zone 1 411. FIG. 5 also shows that Zone 1
411 1s 8 1t wide with each portion 527, 529 of the zone being
4 {t wide. Fach sensor 506, 510 1s situated on the frame
structure 500 3 it from an outer edge 530, 532 of the zone.
Therefore, a portion 534, 536 of the sensor 506, 510 facing the
outer edge 530, 532 of the zone 1s 7 1t from an mner edge 538
(c.g., the center line) of the zone. The sensors 506, 510 are
also deployed on the mobile frame structure 500 such that a
middle line 540, 542 of the sensors 1s substantially aligned
with the midpoint of the zone. Each sensor 506, 510 also
scans out in all directions to the inner edge 538 (centerline) of
its portion 527, 529, as shown 1n FIG. 3. It should be noted
that distances and configurations shown 1n FIG. 5 are for
illustrative purposes only and do not limit the present inven-
tion in any way.

[0054] Returning back to FIG. 4, FIG. 4 also shows place-
ments ol micro-pulse neutron devices 120. In particular, FIG.
4 shows that one or more micro-neutron pulse devices 120 are
deployed within the third set 426 of sensor of the first side
horizontal sensory array 102 and the second set 436 of sensors
in the second side horizontal sensor array 104. As can be seen,
this deployment configuration allows each of the zones 402,
404, 406, 408, 410, 412 to be associated with at least one
micro-neutron pulse device 120. It should be noted that the
micro-neutron pulse devices 120 are not limited to being
deployed on the sides 4035, 407 of the frame structure 200. For
example, one or more micro-neutron pulse devices 120 can be
deployed above/below the sensor arrays 102, 104 and the
entity 210 being examined. In this embodiment, the neutron
pulse devices 120 can be deployed above the sensor arrays
102, 104 and the entity 210 on the side members 405, 407 of
the structure 200 or directly above the entity 210. The neutron
device 120 can also be deployed under the sensor arrays 120,
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104 and/or under the entity 210 as well. It should be noted that
the deployment configuration of the micro-neutron pulse
devices 120 shown 1n FIG. 4 1s only for illustration purposes
and does not limit the present invention in any way.

[0055] FIG. 6 shows additional deployment configurations
for gamma and neutron sensors. For example, FIG. 6 shows
sensors sensor sets 602, 604, 606, 608 comprising sensors
610, 612, 614, 616, 618, 620 such as gamma and/or neutron
sensors being deployed on a top portion 228 of the frame
structure 200. As discussed above, the top portion 402 of the
frame structure 200 1s situated above the entity 222 being
examined. In the example of FIG. 6 one or more sensors 610,
612,614,616, 618, 620 arc deployed over each zone 402, 404,
406, 408, 410, 412. In particular, a first sensor set 602 com-
prising sensor 610 1s associated with Zone 1 402, a second
sensor set 604 comprising sensor 412 associated with Zone 2
404 and sensor 614 associated with Zone 2 606, a third
sensor set 806 comprising sensor 612 associated with Zone 4
408 and sensor 618 associated with Zone_6 410, and a fourth

sensor set 608 comprising sensor 620 associate with Zone_N
412.

[0056] In one embodiment, the first and fourth sensor sets
602, 620 are situated parallel to each other and perpendicular
to the second and third sensor sets 604, 606. The configura-
tion of FIG. 6 1s also applicable to a deployment configuration
ol sensors underneath an entity to be examined as well. Also,
neutron pulse devices 120 can also be deployed 1n a similar
fashion. It should be noted that the deployment configuration
of FIG. 6 1s used for illustrative purposes only and the sensors
can be deployed 1n other configurations as well.

[0057] With respect to examining an entity 222 to 1dentily
hazardous materials, the mobile frame structure 200 can
move over the entity 222. In this embodiment, the frame
structure 200 and the entity 222 can be stationary with respect
to each other. In another embodiment, the entity 222 can
drive/move in between the two horizontal members 210 of the
structure 200 and stop so that the scanning process can be
performed. In yet another embodiment, the mobile frame
structure 200 can drive over the entity 222 and while continu-
ing to move over the entity 222 perform the analysis opera-
tion. In another embodiment, the mobile frame structure 200
can be stationary while the enftity 222 drives/moves 1n
between the horizontal members 220 and continues to pass
through the frame structure 200 as the analysis operation 1s
being performed.

[0058] As the sensor arrays 102, 104 scan the entity 222,
cach of the gamma and/or neutrons sensors generate signals
indicative of any gamma and/or neutron radiation detected.
As discussed above, this sensor data 130 1s collected by the
data collection manager 126 and stored within one or more
data storage units 128. The data analysis and monitoring
manager 134 then analyzes the data 130 to determine 1f any
hazardous materials have been detected.

[0059] Forexample, the data analysis and monitoring man-
ager 134 includes a multi-channel analyzer (“MCA”) 136
comprising one or more devices a device composed of mul-
tiple single channel analyzers (“SCA”). In one embodiment,
the MCA 136, uses analog to digital converters combined
with computer memory that 1s equivalent to thousands of
SCAs and counters and 1s dramatically more powertul and
cost eflicient than individual SCAs. The SCA interrogates
analog signals received from the individual radiation detec-
tors 106, 108, 110, 112, and determines whether the specific
energy range of the received signal 1s equal to the range
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identified by the single channel. If the energy received 1is
within the SCA an SCA counter 1s updated. Over time, the
SCA counts are accumulated. At a given time 1nterval, a
multi-channel analyzer 136 includes a number of SCA
counts, which result 1n the creation of a histogram 158.

[0060] The histogram 158 represents the spectral image of
the radiation that 1s present within the entity being examined.
In one embodiment, a single histogram 158 can be created
based on information received from all of the sensor arrays
102, 104. In another embodiment, a single histogram 158 can
be created from the combination of one or more histograms
assoclated with one or more sensors 106, 108,110, 112 1n the
sensor arrays 102, 104. In yet another embodiment, a histo-
gram 158 can be created for each sensor 106, 108, 110, 112,
within the sensor arrays 102, 104. A more detailed discussion
on histograms 1s given 1 U.S. Pat. No. 7,142,109 entitled
“Container Verification System For Non-Invasive Detection
Of Contents”, filed on Feb. 27, 2006; and U.S. Pre-Grant
Publication 2008/0048872 entitled, “Multi-Stage System For
Verification Of Container Contents™, filed on Oct. 31, 2007,
the collective teachings thereof being hereby incorporated by
reference 1n its entirety.

[0061] The histogram 158 1s used by the spectral analyzer
138 to 1dentity 1sotopes that are present in materials residing
within 1n the entity under examination. One of the functions
performed by the data and analysis manager 134 1s spectral
analysis, performed by the spectral analyzer 138, to identily
the one or more 1sotopes, explosives or special materials
residing within the entity under examination. With respect to
radiation detection, the spectral analyzer 138 compares one or
more spectral images (e.g., histograms 158) of the radiation
that has been detected within the entity 222 to known 1sotopes
that are represented by one or more spectral 1mages stored
148 1n the materials database 144. By capturing multiple
variations of spectral data for each 1sotope there are numerous
images that can be compared to one or more spectral 1images
of the radiation present.

[0062] The materials database 144 holds one or more spec-
tral 1mages 148 of each 1sotope to be 1dentified. These mul-
tiple spectral images represent various levels of acquisition of
spectral radiation data so 1sotopes can be compared and 1den-
tified using various amounts ol spectral data available from
the one or more sensors. Whether there are small amounts or
large amounts of data acquired from the sensor, the spectral
analyzer 138 compares the acquired radiation data from the
sensor 106, 108. 110, 112 to one or more spectral images 148
for each 1sotope to be 1dentified. This significantly enhances
the reliability and efficiency of matching acquired spectral
image data from the sensor to spectral image data of each
possible 1sotope to be identified.

[0063] Once one or more possible 1sotopes are determined
to be present in the radiation detected by the sensor(s) 106,
108, 110, 112, the data analysis and monitoring manager 134
compares the 1sotope mix against possible materials, goods,
and/or products that may be present 1n the entity 222 under
examination. The manifest database 142 includes a detailed
description 146 of the contents of each entity 222 that 1s to be
examined. The manifest 146 can be referred to by the data
analysis and monitoring manager 134 to determine whether
the possible materials, goods, and/or products, contained in
the entity 222 match the expected authorized materials,
goods, and/or products, described 1n the manifest 146 for the
particular container under examination. This matching pro-
cess, according to one embodiment of the present invention,
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1s significantly more efficient and reliable than any container
contents monitoring process 1n the past.

[0064] It should be noted that the spectral analyzer 138 1s
able to utilize various methods to provide multi-confirmation
of the 1sotopes 1dentified. Should more than one 1sotope be
present, the spectral analyzer 138 identifies the ratio of each
1sotope present. Examples of methods that can be used for
spectral analysis such as that discussed above include: 1) a
margin setting method as described 1 U.S. Pat. No. 6,847,
731 entitled “Method And System For Improving Pattern
Recognition System Performance”, filed Aug. 7, 2000, which
1s hereby incorporated by reference 1n its entirety; and 2) a
LINSCAN method (a linear analysis of spectra method) as
described 1n U.S. Provisional Patent Application No. 11/624,
067, filed on Jan. 17, 2006, by mventor David L. Frank, and
entitled “Method For Determination Of Constituents Present
From Radiation Spectra And, If Available, Neutron And
Alpha Occurrences’; the collective entire teachings of which
being herein incorporated by reference.

[0065] Withrespect to analysis of collected data pertaining
to explosives and/or special materials, the spectral analyzer
138 and compares 1dentified possible explosives and/or spe-
cial maternials to the manifest 148 by converting the stored
manifest data 148 relating to the entity 222 under examination
to expected explosives and/or radiological materials and then
by comparing the identified possible explosives and/or spe-
cial materials with the expected explosives and/or radiologi-
cal materials. If the system 134 determines that there 1s no
match to the manifest 148 for the entity 222 then the identified
possible explosives and/or special materials are unautho-
rized. The system 134 can then provide information to system
supervisory personnel to alert them to the alarm condition and
to take appropnate action. For example, the user interface
140, 152 can present to a user a representation of the collected
received returning signals, or the identified possible explo-
stves and/or special materials 1n the entity 222 under exami-
nation, or any system identified unauthorized explosives and/
or special materials contained within the entity 222 under
examination, or any combination thereof.

[0066] A more detailed discussion on spectral analysis 1s
given 1n U.S. Pat. No. 7,142,109 entitled “Container Verifi-
cation System for Non-Invasive Detection of Contents™, filed
on Feb. 27, 2006; and U.S. Pre-Grant Publication 2008/
00488772 entitled, “Multi-Stage System For Verification Of
Container Contents”, filed on Oct. 31, 2007, the collective
teachings thereof being hereby incorporated by reference in
its entirety.

[0067] In addition to gamma and neutron sensors, neutron
pulse devices 120 can also be deployed on the mobile frame
structure 200 as discussed above. The neutron pulse devices
120 include coincident counting capabilities. The gamma
detectors within the neutron pulse device are used to 1dentily
chemical and explosives materials from the gamma response
to the neutron pulse. The neutron detectors are used to 1den-
tify shielded nuclear matenals from the response.

[0068] For example, one or more micro-neutron pulse
device(s) 120 create an active detection system that is
deployed on the mobile frame structure 200 that enables the
identification of chemical, nuclear and explosives materials
based on the response from the neutron pulse. These non-
intrusive mspection systems can interrogate entities 222 for
the detection of shielded nuclear materials while maintaining,
a high hourly throughput 1n ports of entry, ports of departure,
borders and other checkpoints.
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[0069] The following 1s an illustrative approach for imple-
menting an active sensor system deployed on the mobile
frame structure 200. It should be noted that the following
discussion 1s only used as an example and does not limit the
present invention in any way. The passive (e.g., sensor arrays
102, 104) and/or active (e.g., neutron pulse device(s) 120)
radiation threat identification system 100 can identity the
specific 1sotopes present and detect shielded nuclear materi-
als. The active portion of the system (MNP) 1s defined as a
micro-neutron pulse test cycle enabling the 1dentification of
shielded nuclear materials.

[0070] One example of a micro-neutron pulse system
includes a closed zone active system. The micro-neutron
pulse device 120 enables active interrogation of an entity 222
using a 14 MEV pulsed neutron generator. For example, a
illustrated 1n FIG. 7, the entity 222 may comprise highly
enriched urantum (HEU) material. The system 1s able to use
an ofl the shelf neutron generator such as those provided by
Thermo Scientific, Inc. (e.g., model API-120). The detection
system 1s able to use a number of organic liquid scintillators
such as 12 organic liquid scintillators having a total collection
area of 24300 cm”. The organic liquid scintillators offer
excellent discrimination of fast neutrons within the presence
of slow neutrons and gammas. The detectors, in this example,

are enlarged versions of an off the shelf detector such as those
produced by Saint-Gobain, SA.

[0071] The mobile frame structure 200 can include one or
more neutron shields 702, 704 as shown in FIG. 7. The shield,

in one embodiment, includes two pieces, a back shield 702
and a shield 704 for the neutron generator 120. The back
shield 702 includes a 1 meter thick polyethylene water tank
6.2 meters long and 4.2 meters high. The tank 1s portable and
field assembled, then filled with boronated water. The neutron
generator shield 704 includes a polyethylene-boron cylinder
1.5 meters diameter and 1 meter 1 length. The cylinder 1s
hollowed out for placement of the neutron generator 120. The
entire cylinder 1s clad with 1 cm of cadinum metal to absorb
neutrons. FIG. 7 also shows a boundary zone 706 that desig-
nates a “do-not cross” boundary when the active system is in
use. However, because the operating environment 100 can be

operated remotely, users do not have to be near the boundary
zone 706 during the active system operation.

[0072] The active detection system, 1 one embodiment,
uses coincident counting. An example of a circuit 800 for
coincident counting 1s shown 1n FIG. 8. Each count from the
fast neutron detector 1s time tagged. The pulsed neutron
source 120 includes an alpha detector. The emission of each
neutron from the source 1s accompanied by a corresponding
alpha emitted substantially 180 degrees relative to the emitted
neutron. The pulses from the alpha detector are also time
tagged. The output from the alpha detector 1s compared with
the output from the fast neutron counter. When the electronics
(1including the Coincident unit and counter 1n FIG. 8) receive
an alpha count, detector 1, coincident with a fast neutron
count 1n detector 2, a fission event 1s registered. When this
coincident fission event 1s detected 1t signifies that a source
neutron has caused fission 1n the container volume and the
resulting fission has released a neutron which has been
detected by the fast neutron detectors. The fission process
happens in 1x10™"” seconds. The outgoing pulse neutron and
the return fission neutron, have a round trip travel time of
about 24 ns. Thus the fission neutron appears 24 ns aiter the
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alpha particle. This signal signifies the presence of fissile
material. This approach effectively discriminates against any
non fissionable material.

[0073] The approach discussed above greatly reduces false
alarms with Phantom materials. The signal-to-noise-ratio for
this approach 1s set by the available fission signal and the
noise tloor, which is set by the chance coincident counts. The
number of chance coincident counts 1s set by the counting rate
from the alpha-neutron generator, the counting rate of the
induced fission neutrons and the coincident resolving time.
This noise floor 1s reduced by using the minimum coincident
resolving time possible. This 1s determined by the fission
event and the response time of the detectors, for example
those referred to as a detector tree in FIG. 7, and various
clectronics such as the circuit 800 shown 1n FIG. 8. The rise
time for organic liquid scintillators 1s about 1 ns and 1s a
significant reason for choosing this type of detector in this
embodiment. The processor speed 1s about 1 ns clock rate, 1n
this example. Therefore the minimum resolving time 1s about
1 ns with this example hardware. The fission chain multipli-
cation processes occur on a time scale of less than 300 ns.
Therefore a 512 ns time window 1s chosen 1n this embodi-
ment. However, 1t should be noted that other detector types
and time windows can be chosen.

[0074] As can be seen from the above discussion, one or
more sensors and/or sensor arrays can be used as passive
detectors or be combined with an active system within a
mobile frame structure. The mobile frame structure can be
driven/moved 1nto position over an entity to be examined or
an entity can drive/move under the structure. The frame struc-
ture can retract/increase 1n size for accommodating various
s1zed entities and/or transportation devices. The mobile frame
structure and analysis/identification system can be operated
remotely to ensure the safety of workers.

[0075] The various embodiments discussed above are
advantageous because detection and identification of the
chemical, biological, radiological, nuclear, and/or explosive
materials within an object can be performed in a matter of
seconds using distributed sensor arrays. The 1dentification of
the specific 1sotope(s) that are present within an object being,
examined allows the system to also identify the types of
goods or materials that the 1sotopes represent. With a list of
potential goods that represent the identified 1sotopes, the sys-
tem can perform a comparison between the identified goods
or materials and the container manifest to determine 1f the
radiological matenal(s) present match the expected materials
within the container. The process of 1) identiiying the 1sotope
(s) that are within a container, 2) identifying the goods or
materials that the 1sotopes represent and 3) verilying the
contents of the manifest against the 1dentified goods, allows
the eflicient verification of the container without negative
impact to the flow of commerce.

[0076] Example Of A Process For Radiation Detection And
Identification Using a Mobile Frame Structure

[0077] FIG. 9 1s an operational flow diagram illustrating
one process of detecting radiation and 1dentifying hazardous
materials associated with the radiation using a mobile frame
structure. The operational flow diagram starts at step 902 and
flows directly into step 904. The data analysis and monitoring
manager 134, at step 904, determines that an entity 222 to be
examined has moved between a first portion 405 and a second
portion 407 of a mobile frame structure 200. The manager
134, at step 906, optionally resizes the mobile frame structure
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such by retracting/expanding one or more portions of the
structure 200 to accommodate the entity 222.

[0078] The manager 134, at step 908, receives a first set of
detected radiation data from a first set of sensors 102 that are
disposed on one or more portions (e.g., 210, 228) of the
mobile frame structure 200. The manager 134, at step 910,
receives a second set of detected radiation data from at least a
second set of sensors 104 that are disposed on one or more
portions (e.g., 210, 228) of the mobile frame structure 20. For
example, the manager 134 can recerve gamma and/or neutron
counts associated with an energy level detected by the sensor
arrays 102, 104. It should be noted that neutron pulse infor-
mation can also be provided to the manager 134 as well.
Further 1t should be noted that the sensor arrays 102, 104 can
perform their detection operations while the entity 222 1s
moving through the mobile frame structure 200, while the
entity 222 and structure 200 are stationary, and while the
entity 222 1s stationary and the mobile frame structure 20
moves over the entity 222.

[0079] Themanager 134, atstep 912, generates one or more
histograms 148 based on at least the first set of detected
radiation data. The manager 134, at step 914, compares spec-
tral images associated with the generated histograms to a set
of spectral images 148 associated with known materials. The
manager 134, at step 916, determines 1f a match exists
between the spectral images associated with the generated
histograms 148 and the set of spectral images 148 associated
with known maternials. If the result of this comparison 1s
negative, the manager 134, at step 918, obtains additional
radiation data from the sensors 102, 104 and the control flow
returns to step 912. If the result of this determination 1s
positive, the manager 134, at step 920, determines 1f the
material i1dentified by the comparison 1s hazardous. If the
result of this determination 1s positive, the manager 134, at
step 922, notifies personnel. The control flow then exits at step

924.

[0080] If the result of this determination 1s negative, the
manager 134, at step 926, compares the identified material
with a manifest 146 associated with the entity being exam-
ined. The manager 134, at step 928, determines 1f the manifest
includes the 1dentified material. If the result of this determi-
nation 1s negative, the identified material 1s unauthorized and
the manager 134, at step 922, notifies personnel. The control
flow then exits at step 924. If the result of this determination
1s positive, the manager 134, at step 930, determines that the
identified material 1s authorized and the control flow then
exi1ts at step 932.

[0081] Information Processing System

[0082] FIG. 10 1s a high level block diagram 1llustrating a
more detailed view of a computing system 1000 such as the
information processing system 132 useful for implementing
the data and analysis manager 134 according to the various
embodiments of the present invention. The computing system
1000 1s based upon a suitably configured processing system
adapted to mmplement an exemplary embodiment of the
present invention. For example, a personal computer, work-
station, or the like, may be used.

[0083] In one embodiment of the present invention, the
computing system 1000 includes one or more processors,
such as processor 1004. The processor 1004 1s connected to a
communication inirastructure 1002 (e.g., a communications
bus, crossover bar, or network). Various soltware embodi-
ments are described 1n terms of this exemplary computer
system. After reading this description, 1t becomes apparent to
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a person of ordinary skill 1n the relevant art(s) how to imple-
ment the invention using other computer systems and/or com-
puter architectures.

[0084] The computing system 1000 can include a display
interface 1008 that forwards graphics, text, and other data
from the communication infrastructure 1002 (or from a frame
butler) for display on the display unit 1010. The computing
system 1000 also includes a main memory 1006, preferably
random access memory (RAM), and may also include a sec-
ondary memory 1012 as well as various caches and auxiliary
memory as are normally found 1mn computer systems. The
secondary memory 1012 may include, for example, a hard
disk drive 1014 and/or a removable storage drive 1016, rep-
resenting a floppy disk drive, a magnetic tape drive, an optical
disk drive, and the like. The removable storage drive 1016
reads from and/or writes to a removable storage unit 1018 in
a manner well known to those having ordinary skill in the art.

[0085] Removable storage unit 1018, represents a floppy
disk, a compact disc, magnetic tape, optical disk, etc., which
1s read by and written to by removable storage drive 1016. As
may be appreciated, the removable storage unit 1018 includes
a computer readable medium having stored therein computer
soltware and/or data. The computer readable medium may
include non-volatile memory, such as ROM, Flash memory,
Disk drive memory, CD-ROM, and other permanent storage.
Additionally, a computer medium may include, for example,
volatile storage such as RAM, buffers, cache memory, and
network circuits. Furthermore, the computer readable
medium may comprise computer readable information in a
transitory state medium such as a network link and/or a net-
work interface, including a wired network or a wireless net-
work that allow a computer to read such computer-readable
information.

[0086] In alternative embodiments, the secondary memory
1012 may include other similar means for allowing computer
programs or other mstructions to be loaded into the comput-
ing system 1000. Such means may include, for example, a
removable storage unit 1022 and an interface 1020. Examples
of such removable storage may include a program cartridge
and cartridge interface (such as that found 1n video game
devices), a removable memory chip (such as an EPROM or
PROM) and associated socket, and other removable storage
units 1022 and interfaces 1020 which allow software and data
to be transferred from the removable storage unit 1022 to the
computing system 1000.

[0087] The computing system 1000, in this example,
includes a communications interface 1024 that acts as an
input and output and allows software and data to be trans-
ferred between the computing system 1000 and external
devices or access points via a communications path 1026.
Examples of communications intertace 1024 may include a
modem, a network interface (such as an Ethernet card), a
communications port, a PCMCIA slot and card, etc. Software
and data transierred via communications interface 1024 are 1in
the form of signals which may be, for example, electronic,
clectromagnetic, optical, or other signals capable of being
received by communications interface 1024. The signals are
provided to communications mterface 1024 via a communi-
cations path (1.e., channel) 1026. The channel 1026 carries
signals and may be implemented using wire or cable, fiber
optics, a phone line, a cellular phone link, an RF link, and/or

other communications channels.
In this document, the terms “computer program

[0088]
medium,” “computer usable medium,” “computer readable
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medium™, “computer readable storage product”, and “com-
puter program storage product” are used to generally refer to
media such as main memory 1006 and secondary memory
1012, removable storage drive 1016, and a hard disk installed
in hard disk drive 1014. The computer program products are
means for providing software to the computer system. The
computer readable medium allows the computer system to
read data, instructions, messages or message packets, and
other computer readable information from the computer read-
able medium.

[0089] Computer programs (also called computer control
logic) are stored in main memory 1006 and/or secondary
memory 1012. Computer programs may also be recetved via
communications interface 1024. Such computer programs,
when executed, enable the computer system to perform the
features of the various embodiments of the present invention
as discussed herein. In particular, the computer programs,
when executed, enable the processor 1004 to perform the
features of the computer system.

[0090] Non-Limiting Examples

[0091] Although specific embodiments of the mmvention
have been disclosed, those having ordinary skill in the art waill
understand that changes can be made to the specific embodi-
ments without departing from the spirit and scope of the
invention. The scope of the mvention 1s not to be restricted,
therefore, to the specific embodiments, and it 1s intended that
the appended claims cover any and all such applications,
modifications, and embodiments within the scope of the
present 1nvention.

What 1s claimed 1s:

1. (canceled)

2. The method of claim 7, further comprising:

re-sizing the mobile frame structure to accommodate the

entity by one of retracting and expanding one or more
portions of the mobile frame structure.

3. The method of claim 7, wherein the set of radiation data
1s received while the enftity 1s moving through the mobile
frame structure.

4. The method of claim 7, wherein the set of radiation data
1s recerved while the entity 1s stationary and the mobile frame
structure 1s stationary.

5. The method of claim 7, wherein the set of radiation data
1s received while the entity 1s stationary and the mobile frame
structure 1s moving over the enfity.

6. The method of claim 7, wherein the set of radiation data
includes at least gamma radiation information.

7. A method, with a mobile frame structure comprising a
first portion and a second portion configured to examine an
entity to be examined therebetween, for detecting radiation

and 1dentifying maternals associated with radiation that has
been detected, the method comprising;

maneuvering at least one of the entity and the mobile frame
structure such that the mobile frame structure 1s located
over the entity to be examined for radiation sources
emitting radiation from the entity;

recerving from a set of radiation sensors mechanically
coupled to the at least one portion of the mobile frame
structure, a set of radiation data associated with the
entity;

generating at least one histogram based on the set of radia-
tion data, wherein the at least one histogram represents a
spectral image of at least one radiation source associated
with the entity;
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comparing the at least one histogram to a plurality of spec-
tral images associated with known matenals;

determining that the at least one histogram substantially
matches at least one of the plurality of spectral images;

determining 11 a material associated with the at least one of
the plurality of spectral images comprises a hazardous
material;

notifying personnel that the at least one radiation source
comprises a hazardous material 1n response to determin-
ing that the material associated with the at least one of
the plurality of spectral images comprises a hazardous
material;

comparing the material with at least one manifest associ-
ated with an entity comprising the radiation source;

determining 11 the material matches at least one 1tem on the
at least one manifest; and

notifying personnel that the entity comprises at least one
unauthorized item, in response to determining that the
material fails to match any item on the at least one
manifest.

8. (canceled)

9. The mobile frame structure of claim 13, further compris-
ng:
at least one additional portion situated above the first side
portion and the second side portion.

10. The mobile frame structure of claim 9, wherein the at
least one additional portion includes:

a set of radiation sensors disposed thereon.

11. The mobile frame structure of claim 13, wherein the set
of radiation data includes at least gamma radiation informa-
tion.

12. (canceled)

13. A mobile frame structure for detecting radiation and
identifying materials associated with radiation that has been
detected, the mobile frame structure comprising:

a mobility mechanism for maneuvering the mobile frame
structure over an entity;

a first side portion;

at least a second side portion situated substantially oppo-
site to the first side portion, wherein a passage 1s created
between the first side portion and the at least second side
portion configured to allow the entity to pass between
the first side portion and the at least second side portion,
and wherein at least one of the first side portion and the
second side portion are adjustable in their position rela-
tive to each other;

at least one set of radiation sensors mechanically coupled
to at least one of the first side portion and the at least
second side portion;

a communication mechanism communicatively coupled to
the at least one set of radiation sensors, wherein the
communication mechanism transmits a set of radiation
data associated with the entity that has been detected by
the set of radiation detectors to at least one information
processing system; and

at least one mformation processing system communica-
tively coupled to the at least one set of radiation sensors,
wherein the at least one information processing system
1s adapted to:

receive from the at least one set of radiation sensors the
set of radiation data associated with the entity,
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generate at least one histogram based on the set of radia-
tion data, wherein the at least one histogram repre-
sents at least one spectral 1mage associated with the
enftity;
compare the at least one histogram to a plurality of
spectral images associated with known materials;
determine that the at least one histogram substantially
matches at least one of the plurality of spectral
1mages;
determine 11 a material associated with the matching at
least one of the plurality of spectral images 1s a haz-
ardous material;
notily personnel that the entity comprises at least one
radiation source that 1s a hazardous material in
response to determining that the material associated
with the at least one of the plurality of spectral images
1s a hazardous material;
determine that the matenal associated with the at least
one of the plurality of spectral images fails to be a
hazardous material;
compare the material with at least one manifest associ-
ated with the enfity;
determine 11 the material matches at least one 1tem on the
at least one manifest; and
notily personnel that the entity comprises at least one
unauthorized item 1n response to determining that the
material fails to match any item on the at least one
manifest.
14. (canceled)
15. The system of claim 19, wherein the mobile frame
structure further comprises:
at least one additional portion situated above the first side
portion and the second side portion.
16. The system of claim 15, wherein the at least one addi-
tional portion includes:

a set of radiation sensors disposed thereon.

17. The system of claim 19, wherein the set of radiation
data includes at least gamma radiation information associated
with the entity that has been detected by the set of radiation
detectors.

18. (canceled)

19. A system for detecting radiation and 1dentifying mate-
rials associated with radiation that has been detected, the
system comprising:

a mobile frame structure comprising:

a mobility mechanism for maneuvering the mobile
frame structure over an entity;
a first side portion;

at least a second side portion situated substantially oppo-
site to the first side portion, wherein a passage 1s
created between the first side portion and the at least
second side portion configured to allow the entity to
pass between the first side portion and the at least
second additional side portion, and wherein at least
one or the first side portion and the at least second side
portion are adjustable 1n their position relative to each
other;

at least one set of radiation sensors mechanically
coupled to at least one of the first side portion and the
at least second side portion; and

a communication mechanism communicatively coupled
to the at least one set of radiation sensors, wherein the
communication mechanism transmits a set of radia-
tion data associated with the entity that has been
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detected by the set of radiation detectors to at least one
information processing system; and

at least one mnformation processing system communica-

tively coupled to the at least one set of radiation sensors,

wherein the at least one information processing system

1s adapted to:

receive from the at least one set of radiation sensors the
set of radiation data associated with the entity,

generate at least one histogram based on the set of radia-
tion data, wherein the at least one histogram repre-
sents at least one spectral image associated with the
entity;

compare the at least one histogram to a plurality of
spectral images associated with known materials;

determine that the at least one histogram substantially
matches at least one of the plurality of spectral
1mages;

determine 11 a matching material associated with the at
least one of the plurality of spectral images 1s a haz-
ardous material;

notity personnel that the entity comprises at least one
radiation source that i1s a hazardous material 1n

11
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response to determining that the material associated
with the at least one of the plurality of spectral images
1s a hazardous material;

determine that the matching material associated with the
at least one of the plurality of spectral images fails to
be a hazardous materal;

compare the matching material with at least one mani-
fest associated with the entity;

determine 1 the matching material substantially
matches at least one 1tem on the at least one manifest;
and

notity personnel that the entity comprises at least one
unauthorized 1tem 1n response to determining that the
matching material fails to substantially match any
item on the at least one manifest.

20. The system of claim 19, wherein the mobile frame
structure 1s adapted to re-size to accommodate the entity by
one of retracting and expanding at least one of the first side
portion and the at least second side portion.
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