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TRAY CONVEYOR BAGGAGE HANDLING AND IMAGING
SYSTEM

BACKGROUND

[0001] The embodiments described herein relate generally to
baggage handling systems, and more particularly, to a tray-conveyor baggage
handling system including a conveyor configured to transport at least one tray with an

object therein through an imaging gantry.

[0002] Known luggage scanmng systems, such as explosives
detection systems (EDS) that perform computed tomography (CT) scanning, are
designed to scan a continuous stream of luggage and other objects to provide
adequate throughput for travelers at an airport, for example. Baggage handling
systems are designed to facilitate this stream of luggage, transporting luggage items
throughout the airport. At least some baggage handling systems have been developed
that use trays or totes to carry objects (e.g., luggage, bags, etc.). These systems
facilitate more reliable bag tracking and enable faster transportation speeds within
the system. Reliability and speed are important factors, particularly in medium
and large sized airports, where bags often need to travel long distances and be

transported between different locations within the airport.

[0003] However, in at least some known baggage handling
systems, luggage is placed in trays that travel on top of a traditional conveyor
belt. Such an arrangement significantly reduces a maximum size of luggage that
can pass through a gantry of the EDS. Moreover, as a field of view (FOV) of the
EDS is configured based upon the conveyor-belt surface, at least a portion of a large
luggage item may therefore be outside of the FOV of the EDS when the large luggage
item passes through the gantry in a tray on top of a conveyor belt. Accordingly, at

least some luggage items may not be satisfactorily imaged.

SUMMARY
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[0003a] According to an aspect of the present invention, there is provided an

imaging system comprising: a conveyor duct comprising a first end, a second end, a first
wall extending between said first and second ends, and an opposing second wall extending
between said first and second ends,; a gantry coupled to said second end of said conveyor
duct; an imaging assembly associated with said gantry; a conveyor assembly coupled to
said conveyor duct, said conveyor assembly comprising a first rail coupled to an interior
surface of said first wall of said conveyor duct and a second rail coupled to an interior
surface of said second wall of said conveyor duct, said first rail and said second rail
defining a channel therebetween; and a tray comprising a base, wherein said conveyor
assembly is configured to transport said tray into said gantry, and wherein the base of said
tray extends between and below said first rail and said second rail when said conveyor

assembly is transporting said tray.

[0003b]  According to another aspect of the present invention, there is
provided a conveyor system comprising: a conveyor duct comprising a first end, a second
end, a first wall extending between said first and second ends, and an opposing second wall
extending between said first and second ends; a gantry coupled to said second end of said
conveyor duct; a conveyor assembly coupled to said conveyor duct, said conveyor
assembly comprising a first rail coupled to an interior surface of said first wall of said
conveyor duct and a second rail coupled to an interior surface of said second wall of said
conveyor duct, said first rail and said second rail defining a channel therebetween; and a
tray comprising a base, wherein said conveyor assembly is configured to transport said tray
into said gantry, and wherein said base of said tray extends between and below said first

rail and said second rail when said conveyor assembly is transporting said tray.

[0003c]  According to a further aspect of the present invention, there is
provided a method of operating an imaging system, the imaging system including a
conveyor duct including a first end, a second end, a first wall extending between said first
and second ends, and an opposing second wall extending between said first and second
ends, a gantry coupled to the second end of the conveyor duct, an imaging assembly
associated with the gantry, and a conveyor assembly coupled to the conveyor duct, the
conveyor assembly including a first rail coupled to an interior surface of the first wall of

the conveyor duct and a second rail coupled to an interior surface of the second wall of the
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conveyor duct, the first rail and the second rail defining a channel therebetween, said

method comprising: placing an object within a tray, wherein said placing positions a base
of the tray between and below the first rail and the second rail and between the first wall
interior surface and the second wall interior surface; activating the conveyor assembly to
transport the tray into the gantry; and imaging the object within the tray using the imaging

assembly.

[0004] In one preferred aspect, an imaging system is provided. The
imaging system includes a conveyor duct including a first wall and an opposing
second wall, a gantry coupled to one end of the conveyor duct, an imaging assembly
associated with the gantry, and a conveyor assembly coupled to the conveyor duct.
The conveyor assembly includes a first rail coupled to the first wall of the conveyor
duct and a second rail coupled to the second wall of the conveyor duct, the first
rail and the second rail defining a channel therebetween. The imaging system
also includes a tray including a base, wherein the conveyor assembly is configured
to transport the tray into the gantry, and wherein the base of the tray extends between
and below the first rail and the second rail when the conveyor assembly is transporting

the tray.

[0005] In another preferred aspect, a conveyor system is provided.
The conveyor system includes a conveyor duct including a first wall and an
opposing second wall, a conveyor assembly coupled to the conveyor duct, and a
tray. The conveyor assembly includes a first rail coupled to the first wall of the
conveyor duct and a second rail coupled to the second wall of the conveyor duct, the
first rail and the second rail defining a channel therebetween. The tray includes a base,
wherein the conveyor assembly transports the tray, and wherein the base of the tray
extends between and below the first rail and the second rail when the conveyor

assembly is transporting the tray.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIGS. TA and IB are a perspective view of one example

embodiment of an imaging system in accordance with the present disclosure.
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[0007] FIGS. 2A-2C are diagrams illustrating an object conveyed

through a field of view (FOV) of the imaging system shown in FIG. I using

various conveyor assemblies.

DETAILED DESCRIPTION

[0008] The imaging system described herein includes a gantry, an
imaging assembly, and a conveyor assembly. The conveyor assembly is configured
to transport objects (e.g., luggage items) through the gantry to be imaged by the
imaging assembly. Inthe example embodiment, the conveyor assembly includes

a conveyor configured to
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receives the digitized x-ray data from DAS 126 (or computer 132) and performs

preprocessing steps on the digitized x-ray data and an image reconstruction process.

[0011] FIGS. 2A-2C are diagrams illustrating an object 140 conveyed
through a field of view (FOV) 200 of imaging assembly 104 (shown in FIG. 1A). FOV
200 defines the area through which object 140 can travel and be imaged by imaging
assembly 104. FOV 200 is predetermined based on the specific configuration of x-ray
source 110 and detector array 112. Moreover, FOV 200 is configured based on the
geometry of gantry 102, such that FOV 200 fits within the circumference of gantry 102, as
shown in FIG. 1A. If a much larger FOV is desired, typically a larger diameter gantry 102

must be used.

[0012] FIG. 2A illustrates a known conveyor assembly 210 including a
conveyor belt 212. Object 140 is placed on conveyor belt 212 and transported through
FOV 200 of imaging assembly 104. Object 140 lies fully within FOV 200 and therefore
may be fully imaged. However, conveyor assemblies 210 including “bare” conveyor belts
212 (i.e., objects 140 are placed directly on belts 212) have a disadvantage of low
efficiency of tracking objects through a full baggage handling system (that includes

conveyor assembly 210).

[0013] FIG. 2B illustrates another known conveyor assembly 220 that
attempts to overcome the disadvantage of conveyor assembly 210 by placing object 140
within a tray 222 carried on conveyor belt 212. Trays 222 improve the efficiency of object
tracking in conveyor assemblies 220. However, as illustrated, placing objects 140 in trays
222 on top of conveyor belts 212 causes a new disadvantage to arise — large objects 140 do
not fully fit within FOV 200. In some cases, large objects 140 will not even fit within
gantry 102, reducing the maximum size of objects 140 that can be imaged using imaging

system 100.

[0014] FIG. 2C illustrates conveyor assembly 106 of imaging system 100.
With reference to FIGS. 1A and 2C, conveyor assembly 106 does not include a belt 212 but
instead includes a pair of rails 150 coupled to conveyor duct 108. More specifically,
conveyor assembly 106 includes a first rail 152 coupled to a first side wall 154 of conveyor

duct 108 and a second rail 156 coupled to a second side wall 158 of conveyor duct 108. As
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used herein, “rail” refers generally to structures suitable to convey (transport) a tray 170 as
well as to support or retain trays 170 thereon. Accordingly, each “rail” 152, 156 need not
be one singular component but can include a plurality of separate components that
cooperate to convey and support trays 170. Rails 152, 156 can include continuous rails
(e.g., belts) and/or separate rail components (e.g., as illustrated in FIG. 1A). As illustrated
in FIG. 1A, each rail 152, 156 may include a plurality of pulley assemblies. In other
embodiments, each rail 152, 156 may include one or more chain belts and sprocket
assemblies, or one or more “mini” conveyor belts. In still other embodiments, each rail
152, 156 may include any other suitable conveying structure(s). Moreover, the space
between rails 152, 156 is open, with rails 152, 156 defining an open or empty channel 160
such that rails 152, 156 transport trays 170 between rails 152, 156 (as opposed to
transporting a tray 222 on top of a belt 212, as shown in FIG. 2B).

[0015] Accordingly, as shown in FIG. 2C, conveyor assembly 106 enables
a base 172 of tray 170 to sit between and below rails 152, 156, such that objects 140 sit
lower and can be fully imaged within FOV 200. In addition, base 172 of tray 170 is
positioned within a bottom portion 202 of FOV 200, such that object 140 is lowered with
respect to a center 201 of FOV. In some embodiments, objects 140 may be substantially
centered within FOV 200. In this way, conveyor assembly 106 overcomes the
disadvantages of conveyor assembly 210 (object tracking inefficiency) and conveyor
assembly 220 (reduced maximum object size and/or incomplete imaging of large objects).
Moreover, conveyor assembly 106 enables the imaging of larger objects 140 through a bore
103 defined by gantry 102 compared to conveyor assembly 210, and conveyor assembly
106 ensures complete imaging of objects 140 that would have portions thereof “cut-off”

from FOV 200 when using conveyor assembly 220.

[0016] In the illustrated embodiment, imaging system 100 includes two
conveyor ducts 108 and two conveyor assemblies 106 (collectively, “conveyor systems”
165). One “front” conveyor assembly 106A transports trays 170 through a first “front”
conveyor duct 108A and into gantry 102, and another “rear” conveyor assembly 106B
transports trays 170 out of gantry 102 and through a second “rear” conveyor duct 108B. In
the example embodiment, conveyor controller 130 controls conveyor assemblies 106 to

move at the same, constant speed for optimal imaging of object 140 by imaging assembly
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104. Moreover, in the example embodiment, conveyor ducts 108 are straight, such that
conveyor assemblies 106 do not require additional guidance systems to move trays 170
therethrough. In other embodiments, imaging system 100 may include fewer or more
conveyor ducts 108 and conveyor assemblies 106. Additionally or alternatively, imaging
system 100 may include otherwise configured conveyor systems 165 (e.g., conveyor

systems 165 including much longer conveyor ducts than those illustrated in FIG. 1A).

[0017] Tray 170 includes base 172 configured to hold an object 140
thereon. Base 172 is illustrated as a concave base 172 having a curved, concave surface
174. In other embodiments, base 172 may be a flat base 172 having a substantially planar
surface. Base 172 includes first and second side edges 176, 178 and first and second end

edges 180, 182.

[0018] Tray 170 further includes two opposing side walls 184, 186 and
two opposing ends walls 188, 190. Each side wall 184, 186 extends from a respective side
edge 176, 178 of base 172. Likewise, each end wall 188, 190 extends from a respective
end edge 180, 182 of base 172. Each side wall 184, 186 extends at an angle o from base
172. Angle o may measure between about 10° and about 170°, in various embodiments.
In the illustrated embodiment, angle a measures between about 120° and about 150°, or
about 135°. Each end wall 188, 190 extends at an angle  from base 180. Angle B may
measure between about 0° and about 170°, in various embodiments. In the illustrated

embodiment, angle f measures between about 80° and about 100°, or about 90°.

[0019] A first side wall 184 of side walls 184, 186 includes a first flange
192 extending from first side wall 184 along an edge 194 thereof opposite base 172.
Similarly, a second side wall 186 of side walls 184, 186 includes a second flange 196
extending from second side wall 186 along an edge 198 thereof opposite base 172. First
and second flanges 192, 196 are positioned atop respective rails 152, 156 when tray 170 is
placed in conveyor assembly 106. Put another way, first rail 152 receives a bottom surface
193 of first flange 192, and second rail 156 receives a bottom surface 197 of second flange
196. Accordingly, as discussed above, when tray 170 is placed in conveyor assembly 106,
base 172 extends between and below rails 152, 156 to position objects 140 lower, with

respect to center 201 of FOV 200.
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[0020] Exemplary embodiments of methods and systems are described
above in detail. The methods and systems are not limited to the specific embodiments
described herein, but rather, components of systems and/or steps of the methods may be
used independently and separately from other components and/or steps described herein.
Accordingly, the exemplary embodiment can be implemented and used in connection with
many other applications not specifically described herein. For example, the above-
described tray conveyor systems gantry resting on support wheels may be implemented in

any suitable conveyor and/or imaging system.

[0021] Although specific features of various embodiments of the invention
may be shown in some drawings and not in others, this is for convenience only. In
accordance with the principles of the invention, any feature of a drawing may be referenced

and/or claimed in combination with any feature of any other drawing.

[0022] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.
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CLAIMS:

1. An imaging system comprising:

a conveyor duct comprising a first end, a second end, a first wall extending between
said first and second ends, and an opposing second wall extending between said first and
second ends,;

a gantry coupled to said second end of said conveyor duct;
an imaging assembly associated with said gantry;

a conveyor assembly coupled to said conveyor duct, said conveyor assembly
comprising a first rail coupled to an interior surface of said first wall of said conveyor duct
and a second rail coupled to an interior surface of said second wall of said conveyor duct,
said first rail and said second rail defining a channel therebetween; and

a tray comprising a base, wherein said conveyor assembly is configured to transport
said tray into said gantry, and wherein the base of said tray extends between and below said

first rail and said second rail when said conveyor assembly is transporting said tray.

2. The imaging system of claim 1, wherein said tray further comprises a first side wall
extending from a first edge of said base, a second side wall extending from an opposing
second edge of said base, a first flange extending outwards from said first side wall, and a

second flange extending outwards from said second side wall.

3. The imaging system of claim 2, wherein said first rail of said conveyor assembly
receives said first flange of said tray, and said second rail receives said second flange of

said tray.

4. The imaging system of claim 2, wherein said first side wall and said second side
wall of said tray extend from said base at an angle between approximately 10° and

approximately 170°.
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5. The imaging system of claim 1, wherein said first rail and said second rail each

comprise at least one chain belt and at least one sprocket.

6. The imaging system of claim 1, wherein said imaging assembly comprises:
an x-ray source; and

a plurality of detectors defining a field of view (FOV) of said imaging assembly,
wherein said conveyor assembly is configured to transport said tray through the FOV of

said imaging assembly.

7. The imaging system of claim 6, wherein said conveyor assembly is configured to
transport said tray through said imaging assembly such that said base of said tray is

positioned in a bottom portion of the FOV of said imaging assembly.

8. The imaging system of claim 6, wherein said gantry defines a bore, and wherein
said tray is configured to contain an object having a predetermined size associated with the

bore through the FOV of said imaging assembly.

9. A conveyor system comprising:

a conveyor duct comprising a first end, a second end, a first wall extending between
said first and second ends, and an opposing second wall extending between said first and
second ends;

a gantry coupled to said second end of said conveyor duct;

a conveyor assembly coupled to said conveyor duct, said conveyor assembly
comprising a first rail coupled to an interior surface of said first wall of said conveyor duct
and a second rail coupled to an interior surface of said second wall of said conveyor duct,
said first rail and said second rail defining a channel therebetween; and

a tray comprising a base, wherein said conveyor assembly is configured to transport
said tray into said gantry, and wherein said base of said tray extends between and below

said first rail and said second rail when said conveyor assembly is transporting said tray.
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10. The conveyor system of claim 9, wherein said tray further comprises a first side

wall extending from a first edge of said base, a second side wall extending from an
opposing second edge of said base, a first flange extending outwards from said first side

wall, and a second flange extending outwards from said second side wall.

11. The conveyor system of claim 10, wherein said first rail of said conveyor assembly
receives said first flange of said tray, and said second rail receives said second flange of

said tray.

12. The conveyor system of claim 11, wherein said first flange rests on top of said first

rail, and said second flange rests on top of said second rail.

13.  The conveyor system of claim 10, wherein said first side wall and said second side
wall of said tray extend from said base at an angle between approximately 10° and

approximately 170°.

14. The conveyor system of claim 9, wherein said first rail and said second rail each

comprise at least one belt and at least one pulley.

15. The conveyor system of claim 9, wherein said first rail and said second rail each

comprise at least one chain belt and at least one sprocket.

16. A method of operating an imaging system, the imaging system including a
conveyor duct including a first end, a second end, a first wall extending between said first
and second ends, and an opposing second wall extending between said first and second
ends, a gantry coupled to the second end of the conveyor duct, an imaging assembly

associated with the gantry, and a conveyor assembly coupled to the conveyor duct, the
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conveyor assembly including a first rail coupled to an interior surface of the first wall of

the conveyor duct and a second rail coupled to an interior surface of the second wall of the
conveyor duct, the first rail and the second rail defining a channel therebetween, said
method comprising:

placing an object within a tray, wherein said placing positions a base of the tray
between and below the first rail and the second rail and between the first wall interior
surface and the second wall interior surface;

activating the conveyor assembly to transport the tray into the gantry; and
imaging the object within the tray using the imaging assembly.17. The method of claim
16, wherein the tray includes a first side wall extending from a first edge of the base, a
second side wall extending from an opposing second edge of the base, a first flange
extending outwards from the first side wall, and a second flange extending outwards from
the second side wall, wherein said placing comprises resting the first flange on top of the
first rail of the conveyor assembly and resting the second flange on top of the second rail of

the conveyor assembly.

18. The method of claim 16, wherein the imaging assembly includes an x-ray source,
and a plurality of detectors defining a field of view (FOV) of the imaging assembly,
wherein said activating the conveyor assembly comprises activating the conveyor assembly

to transport the tray through the FOV of the imaging assembly.

19.  The imaging system of claim 1, wherein said conveyor duct comprises a first
conveyor duct, and wherein said imaging system further comprises:

a second conveyor duct comprising a third wall and an opposing fourth wall,
wherein said gantry is positioned between said first conveyor duct and said second
conveyor duct, wherein said conveyor assembly further comprises a third rail coupled to an
interior surface of said third wall and a fourth rail coupled to an interior surface of said
fourth wall, wherein the base of said tray extends between and below said third rail and
said fourth rail when said tray enters said gantry, and wherein the base of said tray extends

between and below said first rail and said second rail when said tray exits said gantry.
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20. The imaging system of claim 19, wherein said gantry is rotatable relative to said

first and second conveyor ducts and said first, second, third, and fourth rails.

Smiths Detection Inc.
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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