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ABSTRACT

A tray 1s provided for supporting bottles filled with liquid while the bottles filled with
liquid are subjected to an X-ray inspection at a security checkpoint to determine the threat
status of the bottles filled with liquid. Each bottle filled with liquid is characterized by a
transverse dimension and a longitudinal dimension and is of an overall size suitable to be
carried in hand-carried luggage allowed onboard a commercial aircraft. The tray includes
a plurality of elongated recesses for receiving bottles filled with liquid, the recesses being
defined between opposing walls spaced to engage the bottles filled with liquid on its sides
when the bottles filled with liquid are placed in the recesses, the opposing walls
preventing the bottles filled with liquid from rocking in the recesses during the X-ray
inspection. In different embodiments, the recess may be arranged to hold a bottle filled
with liquid in a position such that a meniscus in the bottle filled with liquid has a
tendency to migrate toward an extremity of the bottle filled with liquid. A method for
assessing the threat status of a bottle filled with liquid at a security checkpoint is also

provided.
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TITLE: TRAY FOR USE IN PERFORMING X-RAY INSPECTION OF ARTICLES
AT A SECURITY CHECKPOINT AND METHOD OF USING SAME

FIELD OF THE INVENTION

The present invention relates to technologies for assessing the threat status of materials
by means of penetrating radiation such as X-rays. The invention has numerous

applications; in particular it can be used for scanning hand carried baggage at airport

security check points.

BACKGROUND

Some liquid or combinations of liquid and other compounds may cause enough damage to
bring down an aircraft. As no reliable technology-based solution currently exists to

adequately address this threat, authorities have implemented a ban of most liquids, gels and

aerosols 1n cabin baggage.

As a result, there have been disruptions in operations (e.g., a longer screening process; a

change of focus for screeners; additional line-ups), major inconveniences for passengers (as
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well as potential health hazards for some) and economic concerns (e.g., increased screening
costs; lost revenues for airlines and duty free shops; large quantities of confiscated —

including hazardous — merchandise to dispose of), and so on.

In light of the above, there is a need to provide a technology-based solution to assess the

threat status of liquid products.

SUMMARY

In accordance with a broad aspect, the present invention provides a tray for supporting a
bottle filled with liquid while the bottle filled with liquid is subjected to an X-ray
Inspection at a security checkpoint to determine the threat status of the bottle filled with

liquid. The bottle filled with liquid to be supported by the tray is generally characterized

by a transverse dimension and a longitudinal dimension and is of an overall size suitable
to be carried in hand-carried luggage allowed onboard a commercial aircraft. The tray
comprises an elongated recess for receiving the bottle fxlled with liquid. The recess is
detined between opposing walls spaced to engage the bottle filled with liquid on its sides
when the bottle filled with liquid is placed in the recess. The opposing walls prevent the

bottle filled with liquid from rocking in the recess during the X-ray inspection.

In accordance with a specific example of implementation, the bottle filled with liquid has
a top extremity and a bottom extremity. The recess of the tray is configured to hold the
bottle filled with liquid in an inclined position such that a meniscus in the bottle filled

with liquid has a tendency to migrate toward one of the extremities of the bottle filled

with liquid.

In accordance with a specific example of implementation, the tray is stackable with other
like trays. More specifically, the tray has a top face and a bottom face. The recess opens

on the top face of the tray and the bottom face of the tray has a projection. When two
like trays are stacked, the projection of one of the trays faces the recess of the other one

of the trays so that the projection of one tray engages the recess of the other tray.
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In accordance with another broad aspect, the present invention provides a tray for
supporting bottles filled with liquid while the bottles filled with liquid are subjected to an

X-ray inspection at a security checkpoint to determine the threat status of the bottles

filled with liquid. The bottles filled with liquid are of an overall size suitable to be
carried in hand-carried luggage allowed onboard a commercial aircraft. The tray
comprises a plurality of elongated recesses for receiving respective bottles filled with

liquid therein.

In accordance with a specific example of implementation, one or more of the recesses
include opposing walls for engaging a respective bottle filled with liquid and prevent the

bottle filled with liquid from rocking in the recess during the X-ray inspection.

In accordance with yet another broad aspect, the present invention provides a tray for
supporting a bottle filled with liquid while the bottle filled with liquid is subjected to an
X-ray inspecticm at a security checkpoint to determine the threat status of the bottle filled
with liquid. The tray has a bottle receiving area including a wall structure for engaging
the bottle filled with liquid. The wall structure is arranged to hold the bottle filled with

liquid in a position such that a meniscus in the bottle filled with liquid has a tendency to

migrate toward an extremity of the bottle filled with liquid.

In accordance with a further broad aspect, the present invention provides a method for
assessing the threat status of a bottle filled with liquid at a security checkpoint, where the

bottle has a generally circular cross-sectional shape and is capable of rolling on a flat

surface. The method comprises:

e placing the bottle filled with liquid in a tray;

» introducing the tray and the bottle filled with liquid in a scanning area of an X-ray
Imaging apparatus; '

* restraining the bottle filled with liquid from rolling on the tray while the bottle

filled with liquid is in the scanning area:
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e performing an X-ray inspection of the bottle filled with liquid while the bottle
filled with liquid 1s restrained; and
e assessing the threat status of the bottle filled with liquid on the basis of the X-ray

inspection.

In accordance with a specific example of implementation, the method comprises
maintaining the bottle filled with liquid, wherein the bottle filled with liquid has a top
extremity and a bottom extremity, in a position to induce a meniscus in the bottle filled

with liquid to migrate toward one of the extremities while perfomiing the X-ray

inspection of the bottle filled with liquid.

In accordance with a specific example of implementation, the bottle filled with liquid has
a longitudinal axis. The method comprises positioning the bottle so that the longitudinal
axis of the bottle makes an angle with respect to a horizontal plane in the range from
about 5 degrees to about 40' degrees. In a more specific example of implementation,
method 'compfises positioning the bottle so that the longitudinal axis of the bottle makes
an angle with respect to a horizontal plane in the range from about 5 degrees to about 30
degrees. In a yet a more specific example of implementation, the method comprises
positioning thé bottle so that the longitudinal axis of the bottle makes an angle with

respect to a horizontal plane in the range from about 10 degrees to about 20 degrees.

In accordance with another broad aspect, the present invention provides a method for

assessing the threat status of hand-carried luggage of a passenger at a security checkpoint

in an airport. The hand-carried luggage includes a bottle filled with liquid and an article '

other than a bottle. The method comprises:

e placing the bottle filled with liquid and the article in a tray such that the bottle

filled with liquid and the article are in predetermined locations in the tray;

e ntroducing the tray in a scanning area of an X-ray imaging apparatus;
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» performing an X-ray inspection of the bottle filled with liquid and the article, the
predetermined locations in the tray being such that a majority of X-rays passing
through the article pass beside and not through the bottle filled with liquid; and

* assessing the threat status of the bottle filled with liquid and of the article on the

basis of the X-ray inspection.

In accordance with a specific example of implementation, the method comprises

providing the tray with a partition to define a first area for receiving the bottle filled with

liquid and a second area for receiving the article.

In accordance with a specific example of implementation, the method comprises taking at
least one X-ray image of the tray with the article and of the bottle filled with liquid and

processing the X-ray image data to assess the threat status of the bottle filled with liquid
and of the article.

In accordance with another broad aspect, the present invention provides a method for
assessing the threat status of hand-carried luggage of a passenger at a security checkpoint
in an airport. The hand-carried luggage includes a bottle filled with liquid, wherein the
bottle filled with liquid has a top extremity and a bottom extremity. The method

COMPIrISes:

e placing the bottle filled with liquid in a tray;
e introducing the tray in a scanning area of an X-ray imaging apparatus;
e performing an X-ray inspection of the bottle filled with liquid;

e maintaining the bottle filled with liquid in a position to induce a meniscus in the
bottle filled with liquid to migrate toward one of the extremities while performing

the X-ray inspection of the bottle filled with liquid; and
e assessing the threat status of the bottle filled with liquid.
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Other aspects and features of the present invention will become apparent to those ordinarily
skilled in the art upon review of the following description of specific embodiments of the

invention in conjunction with the accompanying Figures.
BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of examples of implementation of the present invention s provided

hereinbelow with reference to the following drawings, in which:

Figure 1 is a top plan view of a tray according to a non-limiting example of

implementation of the invention;

Figure 2 is a perspective view from the bottom of the tray shown in Figure 1;
Figure 3 is a perspective view from the top of the tray shown in Figure 1;
Figure 4 1s a side elevation view from a first side of the tray shown in Figure 1;

Figure 5 1s a side elevation view from a second side of the tray shown in Figure 1;
Figure 6 is a rear elevation view of the tray shown in Figure 1;
Figure 7 is a front elevation view of the tray shown in Figure 1;

Figure 8 is a diagrammatic representation of an X-ray imaging apparatus in which a tray

of the type shown in Figure 1 has been inserted in accordance with a non-limiting

example of implementation of the invention;

Figure 9 1s a diagrammatic view showing a bottle residing within a recess of a tray of the

type shown in Figure 1;
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Figure 10 shows a process for using a tray during security screening at a security
checkpoint in accordance with a non-limiting example of implementation of the

Invention;

Figure 11 is a perspective view of a tray according to another n0n¥limiting example of

implementation of the invention;

Figure 12 1s a diagrammatic representation of a mechanism for restricting the movement

of bottles filled with liquid placed in a tray according to a variant;

Figure 13 is a diagrammatic representation of a mechanism for restricting the movement

of bottles filled with liquid placed in a tray according to another variant;

Figure 14 is a diagrammatic representation of a mechanism for restricting the movement

of bottles filled with liquid placed in a tray according to yet another variant;

Figure 15 1s a block diagram of a computing apparatus suitable for use in connection with
the X-ray imaging apparatus illustrated in Figure 8 in accordance with a specific example

of implementation of the invention;

Figure 16 is a cutaway side view of a bottle filled with liquid and maintained in an

inclined position in accordance with a non-limiting example of implementation of the

invention:

Figure 17 1s a top plan view of a tray including spacing members according to another

variant of the invention;

Figure 18 is a top plan view of a tray having a surface suitable for affixing visual

information according to yet another variant of the invention.
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In the drawings, embodiments of the invention are illustrated by way of example. It is to
be expressly understood that the description and drawings are only for purposes of
illustration and as an aid to understanding, and are not mntended to be a definition of the

limits of the invention.
DETAILED DESCRIPTION

With respect to Figure 8, there is illustrated an X-ray imaging apparatus 802 typical of
the type of device used to scan luggage at security checkpoints within airports and other
transportation locations. The X-ray imaging apparatus 802 includes a scanning area 804,
a conveyor belt 806, an X-ray source 808, an array of X-ray detectors 810 and a

processing module 812.

The scanning area 804 .(also referred to as scanning tunnel) is defined by an enclosed
void between the X-ray source 808 and the array of X-ray detectors 810, in which the
objects to be scanned are subjected to penetrating radiation, such as X-rays. The
scanning area 804 is typically horizontally oriented and is dimensioned both vertically
and horizontally to accommodate the types of objects to be scanned, including articles of
hand-carried luggage allowed onboard a commercial aircraft, such as handbags,
backpacks, briefcases. and shopping bags, among others. The scanning area 804 is

centrally traversed by a conveyor belt 806 that is used to convey objects to be scanned

both into and out of the scanning area 804 and is described below.

The articles to be scanned can be placed in one or more trays on the conveyor belt 806, as

will be discussed in greater detail later.

The conveyor belt 806 is a horizontally-oriented continuous belt of material arranged in
an endless loop between two terminal rollers. The belt 806 has an exterior surface on
which trays containing the objects to be scanned are placed, as well as an interior surface

within which the terminal rollers (as well as other guide rollers and/or supports) lie.
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The width of the conveyor belt 806 is sufficient to accommodate the placement of ' trays
within which the objects to be scanned are placed, while its overall length is sufficient to
create an endless loop whose length includes:
- A pre-scanning area that lies before the scanning areca 804, where the trays
containing the objects to be scanned are placed on the belt 806;
- The scanning area 804, where the trays containing the objects being scanned are
subjected to penetrating radiation (i.e. Xérays); and
- A post-scanning area that lies after the scanning area 804, where the ftrays
containing the objects that have been scanned emerge after being subjected to
penetrating radiation. It is in that area that a user can pick up his or her objects

after the security screening operation 1s completed

It is worth noting that the terminal rollers constituting the end points of the conveyor belt
806 at the pre-scanning and post-scanning areas may be connected to motors (not shown)
that allow an operator to move the belt 806 forwards or backwards to displace the tray
containing the objects to be scanned between different areas of the X-ray imaging

apparatus 802.

With these components, an operator can displace a tray containing objects to be scanned
from the pre-scanning area (where the tray 1s initially placed), through the scanning area
804 (where the tray and its contents are subjected to penetrating radiation) and out to the
post scanning area (where the passenger retrieves his/her bags whose contents were

scanned and/or where subsequent physical inspection of the contents of the tray is

performed).

The X-ray source 808 is the source of penetrating radiation (in this case, X-ray radiation)

whose wavelength, frequency and energy is sufficient to penetrate the tray and its

contents. The X-ray source 808 1s located opposite to the array of X-ray detectors 810 so

that X-rays emitted by the source 808 pass through a tray and its contents that are located

on the conveyor belt 806 and are detected by the array of X-ray detectors 810 as a result.
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The array of X-ray detectors 810 detects the penetrating radiatibn (1.e. X-rays) that was
emitted by the X-ray source 808 and that penetrated the contents of the tray and objects to
be scanned. The array of X-ray detectors 810 is located opposite to the X-ray source 308
so that X-rays that are emitted by the source 808 pass through a tray and its contents that
are located on the conveyor belt 806 and are detected by the array 810.

Generally, the processing module 812 receives the X-ray image data output by the array
of X-ray detectors 810 and uses this X-ray image data to generate an X-ray image of the

contents being scanned. The generated X-ray image may then be processed and/or

~analyzed further by human or automated means, as will be shown below.

The processing module 812 can be implemented on a general pufpose digital computer
1000, of the type depicted in Figure 15, including a processing unit 1002 and a memory
1004 connected by a communication bus. The memory 1004 stores data 1008 and
program instructions 1006. The processing unit 1002 1s adapted to process the data 1003
and the program instructions 1006 in order to implement the functions described n the
specification and depicted in the drawings. The digital computer 1000 may also comprise

an 1/0 interface 1010 for receiving or sending data elements to external devices.

Alternatively, the above—described processing module 812 can be implemented on a
dedicated hardware platform where -electrical/optical components implement the
functions described in the specification and depicted in the drawings. Specific

implementations may be realized using ICs, ASICs, DSPs, FPGA, an optical correlator,

digital correlator or other suitable hardware platform.

Other alternative implementations of the processing module 812 can be implemented as a
combination of dedicated hardware and software. Such an implementation comprises
dedicated image processing hardware module and a general purpose computing unit

including a CPU and a memory connected by a communication bus.
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It will be appreciated that the X-ray imaging apparatus 802 that 1s depicted in Figure 8 may
also be of a distributed nature where the X-ray images of objects being scanned are obtained
at one location (or more locations) and transmitted over a network to another entity
implementing the functionality of the processing module 812 described above. Another unit
may then transmit a signal for causing a display device (not shown) to display information
to the user, such as the X-ray image of the objects being scanned. The display device may '
be located in the same location where the X-ray images of objects were obtained or in an

alternate location.

When the set of objects to be scanned in the X-ray imaging apparatus 802 include at least

one bottle filled with liquid material, a tray, such as the one illustrated in Figure 1

through Figure 7, may be used to hold the bottle filled with liquid.

A “bottle filled with liquid” refers to the combination of a body of liquid material and the
container in which the liquid material is contained. For the purposes of this specification,
“liquid” refers to a state of matter that is neither gas nor solid and that generally takes the
shape of the container in which it is put. This definition would, therefore, encompass
materials that are pastes or gels, in addition to substances having a characteristic
readiness to flow. For example, toothpaste and other material having the consistency of
toothpaste would be considered to fall within the definition of “liquid”. Heterogeneous

liquids would also be encompassed by such a definition.

In addition, a “bottle” refers to the container in which the liquid is contained. Although

the term “bottle” typically refers to a cylindrical container that is used to contain liquids

(namely beverages), a bottle n this specification refers to any enclosing structure that is

made from a material that i1s suitable to hold the liquid contained within. Such containers

include but are not limited to rigid containers, such as a glass bottle or metal ('e.g.
Aluminum) containers, as well as semi-rigid containers, such as a bottle made of

polyvinyl chloride (PVC), polyethylene or of similar flexible materials.
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The bottle may be of any shape including generally cylindrical bottles, such as those used .
for beverages (e.g. a wine bottle or a can of a soft drink), square bottles used for beverage
and non-beverage liquids (e.g. a carton of milk or fruit juice), as well as bottles of any

other shapes, such as distinctive pyramidal or star-shaped bottles that may be used to

~ contain cosmetics and perfume.

Each bottle filled with liquid has a transverse dimension and a longitudinal dimension
that defines an oVeral] size suitable to be carried in hand-carried luggage that is allowed
onboard ‘a commercial aircraft. In the case of cylindrical bottles, the transverse
dimension is defined by the diameter of the bottle, which may differ between a bottom
end and a tapered top end of the bottle.  For example, bottles containing wine

traditionally have a larger circumference at their bottom end that narrows as the bottle

tapers at the top end.

Without intent of being bound by any specific definition, bottles filled with liquid of an
overall size suitable for transport in hand-carried luggage allowed onboard a commercial
aircraft are thOse that have a transverse dimension that is less than 5 inches, preferably
less than 4 inches, and most preferably less than 3 inches. However, these dimensions are
merely guidelines and may vary depending on the rules and regulations enforced for such

articles by local, national and international transportation organizations.

A brief description of various categories of bottles filled with liquid is provided below.

However, 1t should be appreciated that the above categories are provided for illustrative

purposes only and that other possibilities exist.

One category of bottles filled with liquid include bottles intended for beverages including

water, juices, milk products, soft drinks, and alcoholic beverages (e.g. beer or wine).
Bottles filled with water typically have a generally circular cross-sectional shape and
include various surface features (such as protrusions and corresponding recesses) that are
intended to permit the user to positively engage the bottle filled with liquid and assist in

maintaining such engagement when the user drinks from the bottle. Additional features
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include a bottle made entirely of plastic (such as PVC) to provide a light weight, as well
as a capping mechanism that allows a user to repeatedly open and close the bottle when
they wish to drink from it, such as a screw cap that can be removed and reattached.
Bottles filled with water are normally designed to contain water in volumes that may
include 100ml or less, in a range from 100 ml to 330ml, in a range from 330ml to 500ml,

in a range from 500ml to 750ml, in a range from 750ml to 1L and in a range from 1L to
1.5L.

Bottles that are filled with fruit and/or vegetable juice typically share many of the same
features as bottles filled with water, such as having a circular cross-sectional shape with
protrusions and recesses, as well as the ranges of liquid volumes contained. In some
cases, certain bottles filled with juice may be made of a different material (e.g. glass)
and/or be capped with a different type of cap, such as a metal screw cap that allows the

bottle to be repeatedly removed and reattached.

However, a certain type of bottle that is filled with juice using a process knoWn as
“aseptic packaging” may not share the shape and surface characteristics bottles identified
above for bottles filled with water. Such bottles (cornmbnly referred to as “Tetra packs™)
and their shape may Include a square, rectangular or polyhedral (e.g. octahedral) cross-
section, as well as a circular cross-section. Moreover, such bottles are made from a
typical combination of paper, polyethylene (LDPE), and aluminum with an interior layer

of tight polyethylene, and may not provide any surface features (such as prdtrusions or
recesses) found on cylindrical bottles. Such bottles filled with juice are typically not

capped with a mechanism that can be removed and reattached, but with an entry seal that

may be pierced or peeled to expose the liquid contained within the bottle.

Bottles that are filled with milk products may include those used to contain milk and milk
substitutes, baby formula, milk shakes, coffee and/or tea with milk (e. g. “Royal Milk
Tea” which is sweetened tea with 10-20% milk, and is commonly found in Asia) , as well
as other milk-related products. Bottles that are filled with milk products typically are

packaged m paper-based cartons that have a square or rectangular cross-section and
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provide a capping mechanism through an opposing pair of top flaps that can be folded
open or shut, and/or a screw top capping mechanism that uses a plastic screw top that can
be repeatedly removed and reattached. However, it is worth noting bottles filled with
milk products may also have a circular cross-section (such as bottles of prepared
milkshakes) and/or may be packaged using the aseptic packaging system identified
above, such as for cartons of UHT or HTST milk. Regardiess of the packaging system
used, bottles filled with milk generally contain volumes of 330ml, 500ml, 1L and 2L.

Bottles that are filled with soft drinks include those for carbonated (e.g. Coke™ and

™) and non-carbonated soft drinks, which may include sports drinks (e.g.

Pepsi
Gatorade ™) and “energy drinks” (e.g. Red Bull™). Such bottles share many of the same
characteristics as the water-filled and juice-filled bottles mentioned previously, including
having a circular cross-section, being made of plastic or glass, having a capping
mechanism (e.g. a screw cap) and containing volumes that may range from 330m1 to 2L.
However, it is worth noting that bottles of soft drinks may include cans, which are sealed
cylindrical containers made from a metal (such as Aluminum) and that possess a non-
resealable capping mechanism that is integrated with the top surface of the can é.nd 1S
opened through the application of pressure via a lever provided on that top surface. Cans

of soft drinks typically contain volumes of 100mi, 240ml, 330ml, S‘OOml and 750ml.

Bottles that are filled with alcoholic beverages include those used for carbonated

beverages (e.g. beer or wine spritzers), as well as those used for non-carbonated
beverages, such as wine, liquor and spirits. Such bottles share many of the same
characteristics as the bottles filled with liquid that were mentioned earlier, including
having a circular cross-section, being made of plastic, metal or glass and having a

capping mechanism (such as a wine cork or screw cap) that allows the bottle to be

- repeatedly resealed. Bottles of alcoholic beverages feature a wider variety of volumes

than are found for most other types of beverages, including 50ml bottles (typically

provided as samples) through 200ml, 375ml, 500ml, 700ml, 750m), 1L, 1.5L, 1.75L and
2L bottles.
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Another category of bottles filled with liquid include those for toothpaste or cosmetic
preparations, such as hair shampoos, skin conditioners and nail polish. The bottles may
have a circular cross-section throughout the bottle, although it may taper from a larger
circumference at a first lower end to a smaller circumference at a second top end.
However, such bottles may also have a different cross-section in different sections of the
bottle, such as a toothpaste tube that starts at a first lower end with a flat surface and

gradually progresses to a circular cross-section at its second top end.

Bottles filled with shampoo or skin conditioner may also be made from a wider variety of
materials than those of bottles filled with beverages. For example, bottles filled with
cosmetic preparations, typically including metal, plastic, paper and/or glass components,
may Incorporate different materials in different sections of the container. For example, a
bottle containing skin conditioner may have a glass component for containing the
conditioner enclosed in a plastic body with a metallic screw cap. In addition, bottles
filled with shampoo or skin conditioner may contain a different range of volumes than
those for bottles filled with beverages, including 30ml, 50ml, 100ml, 150ml, 200ml,
250ml, 300ml, 500ml, 750ml, and 1L volumes.

An example of a tray 101 for containing bottles of the type discussed above in the

scanning area of the X-ray imaging apparatus 802 will now be described with reference
to Figures 1 through 7. The tray 101 presented in these figures is generally rectangular in
shape and 1s provided on its periphery with a flange that may be used to hold, move and
store the tray. The tray 101 can be made of any suitable solid material that does not
significantly attenuate X-rays, such as a plastic material that also provides light weight

and durability. However, this material is only a preference and is not a requirement of

the invention.

Figure 1 shows that the tray 101 is comprised of two (2) areas for receiving articles

subjected to penetrating radiation:

- An area 103 containing a recess 104 (or set of recesses) for holding at least one
bottle filled with liquid; and '
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- An area 105 containing a cavity 107 for holding articles other than a bottle filled "
with liquid.

In the example depicted, the area 103 for holding the at least one bottle filled with liquid
includes a plurality of bottle recetving recesses 104, which may be seen more accurately
in Figure 3. Each recess 104 within this plurality extends side-by-side and is generally

parallel with the other recesses 104, although this eXample is only illustrative of one

embodiment of the invention. Alternatively, a single bottle receiving recess 104 may be

provided in the case where 2 single bottle filled with liquid is to be screened.

Each instance of the recess 104 is defined between opposing walls that include flat
portions, where the flat portions define a V-shape. The walls in the recess 104 are spaced
to engage the bottle filled with liquid on its sides when the bottle filled with liquid is
placed in the recess 104, with the opposing walls preventing the bottle filled with liquid

from rocking within the recess during the X-ray inspection.

Figure 2 and Figure 3 show how the recess 104 tapers from top to bottom so that when a
bottle filled with liquid 1s placed within it, the bottle will sit against both walls and thus
acquire a stable stance. Figure 9 is a diagrammatic view of a bottle having a circular
cross-section sitting within a recess 104 to show how the bottle is engaged in a stable
stance within 1t. In this figure, the recess 104 is comprised of two (2) opposing walls; a

first opposing wall 901 and a second opposing wall 903 that are angled to form a V-shape
at their meeting point. When a bottle filled with liquid is placed within the recess 104, it
sits between the opposing walls 901 and 903. The overall weight of the bottle pushes

against the opposing walls 901 and 903, resuiting in the positive engagément of the bottle
with the recess 104 and thus allowing the bottle to acquire a stable stance.

As a result, the bottle filled with liquid 1s less likely to roll around in the tray 101 during
transport via the conveyor belt 806 from the pre-scanning area to the scanning area 804

than 1f it were to be positioned on a flat surface, such as in a conventional tray and/or on

the conveyor belt 806.
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In addition, the structure of the recess 104 (i.e. the opposing walls 901 and 903) is also
useful to stabilize and secure the bottles filled with liquid as they pass\ from the pre-
scanning area to the scanning area 804 via the conveyor belt 806. The boundary between
these two areas is usually demarcated by a curtain comprised of flexible straps. This
curtain is typically made from a heavy X-ray blocking material that could engage a bottle

filled with liquid and shift it around the tray, or even cause it to fall from the conveyor
belt 806.

Generally, it is desirable to maintain the stability of the bottle filled with liquid during the
scanning operation in order to improve the accuracy of the threat detection process. As
will be described later, the threat detection operation may be automated by providing
software that 'performs an analysis of the generated X-ray image data to determine if the
li‘quid material within the bottle is safe or not. The accuracy of this determination is
improved when the bottle filled with liquid remains immovable when the X-ray image is
taken. Should the bottle filled with liquid be allowed to roll or otherwise move on the
surface of the tray, (especially when the bottle is of a circular cross-sectional shape,
which would promote such movement) the X-ray image may be taken while the bottle is
in motion. This motion may produce corrupted X-ray image data that may lead to a false
identification (i.e. a non-threatening liquid being assessed as a threat and vice versa) or

require that another X-ray image be taken before any analysis is performed.

Various wall configurations of the recess 104 can be considered without departing from
the spirit of the invention. In a specific and non-limiting embodiment, the opposing walls
of the recess 104 have flat portions that face each other defining a V-shaped cross
section, which is illustrated by the opposing walls 901 and 903 shown in Figure 9. This
wall structure accommodates equally well bottles of different shapes and sizes. A bottle
filled with liquid simply needs to be put in the recess 104 and it will engage the opposing
walls firmly. Smaller bottles will tend to sit deeper in the recess 104 while larger bottles

will tend to sit higher in the recess 104.
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The dimensions of the wall structure, (particularly the spacing between the opposing
walls at the top of the recess 104) determine the range of bottle transverse dimensions
that the recess 104 can receive. In a specific and non-limiting example, the opposing
walls are spaced by a distance such that a bottle having a maximal transverse dimension

of 5 inches or less can fit in the recess 104 in a stable fashion.

Alternative embodiments of the recess 104 defined above may include slightly curved

walls instead of straight walls or walls with intermittent flat and curved portions for

engagement of a wider variety of bottles with different cross-sections.

As stated earlier, the area containing the recess 103 may include a single recess 104 or a
plurality of recesses 104, which is the case illustrated by Figure 1 and Figure 3. When

the tray 101 contains a plurality of recesses, each instance of the recess 104 is

- substantially parallel to the other instances but is separated by a partition 300. In the

example shown in Figure 3, the partition 300 is defined by a pair of walls that belong to

two adjacent recesses 104.

Figure 2 is a perspective view of the underside of the tray 101. From this perspective, the
underside of the recesses 104 appear as projections 206, while the underside of the cavity
107 appears as another projection 207. Figure 2 also shows how the geometric
orientation of the recess 104 is such that a bottle received in the recess 104 is inclined

with relation to the horizontal plane defined by the exterior surface of the conveyor belt

806 and on which the tray 101 rests during the scanning operation. The purpose of this

inclination is to induce the air bubble (also called a meniscus) that is likely to exist within
the bottle filled with liquid to migrate to its top (or bottom) end, depending on the
orientation in which a given bottle filled with liquid is placed in the recess 104. When the
meniscus moves up, the body of liquid that remains below the meniscus within the bottle
filled with liquid is easier to analyze and so i1s more likely to have an accurate threat

status assigned to 1t.
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Generally, the threaf status of a bottle filled with liquid is based in part on X-ray
attenuation information extracted from the X-ray image and an estimated length of a path
travelled by X-ray through the liquid in the bottle. To provide the most - accurate threat
assessment, it 1s desirable to position the bottle such that the X-rays passing through the
body of liquid traverse a path of known length through the liquid. The more accurate the
information regarding the length of the path travelled by X-rays through the body of
liquid in the bottle, the more accurate the nature of the liquid in the bottle can be derived

and therefore a more accurate assessment of its threat status ¢can be made.

Since bottles are typically not filled to their full capacity, there is usually a meniscus that
can interfere with the X-ray scanning. If the bottle is placed horizontally on the tray, the
meniscus is likely to spread, and (depending on the size of the meniscus) an air layer may
be created. The size of such an air layer is determined by the degree to which the bottle
has been filled: a full bottle will have a smaller meniscus while a bottle filled partially'
will have a larger meniscus. In certain cases, the air layer created by the meniscus can
extend above the entire body of liquid, which can lead to an inaccurate path length being
obtained. For example, due to the presence of an air layer, the path length through the
liquid body may be shorter than the distance between the bottle walls (the transverse
dimension of the void space within the bottle). By sétting a bottle filled with liquid in

an inclined position, the meniscus will tend to migrate toward one of the extremities of
the bottle.

Figure 16 shows a side cutaway view of a bottle filled with liquid in an inclined position. '
With respect to this Figure, the bottle filled with liquid is generally inclined at an angle

1601 relative to a generally horizontal plane.

Figure 16 also shows the path taken by a ray of penetrating radiation (i.e. an X-ray)
through the bottle filled with liquid. The X-ray enters the bottle of liquid at location
1602, travels through the bottle walls and the bottle contents, and emerges from the bottlé
at location 1614. The angle between the X-ray and the longitudinal axis of the bottle of
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liquid can be derived using simple trigonometry since the angle 1601 is known and the

orientation of the X-ray is also known.

As can be seen, as the X-ray travels from the X-ray source to the X-ray detectofs, the X-
ray is attenuated by not only the liquid in the bottle but by a supporting structure (such as
a tray) holding the bottle and the side walls of the bottle as well. Segment 1610 between
the locations 1602 and 1614, herein referred to as the combined segment 1610, is a
combination of the following segments: |

- segment 1604 through the supporting structure (for'exa:mme a tray);

- segments 1606 and 1608 through the side walls of the bottle; and

- segment 1612 through the liquid contained in the bottle.

The lengths of segments 1604, 1606 and 1608 may be derived based on the thickness of

the supporting structure (tray material) and the bottle side walls, both of which may be

‘known or may be derived using other image analysis techniques known in the art.

Similarly, the length of the combined segment 1610 may be obtained based on
geometrical information obtained based on the x-ray image of the bottle a$ well as based

on certain geometrical assumptions as to the shapé of the bottle (symmetry, shape of the ‘
bottom of the bottle, efc...). As a result, the length of the segment 1612 may be
determined by subtracting the lengths 1604, 1606 and 1608 from the length of combined
segment 1610. The length of the path segment 1612, which in the example shown in
figure 16 corresponds to the length of a path taken by X-ray through the liquid in the

bottle, can be used with other information, such as X-ray attenuation information

obtained from an X-ray image of the bottle holding the liquid, to derive characteristics of

the liquid in the bottle including, for example, density and/or the effective atomic number

(Zesr number) .

It will be appreciated that in using fhe length of the segment 1612 and attenuation
information to derive characteristics of the liquid in the bottle, algorithms generally make
the assumptions that the length of segment 1612 corresponds to the length of the path
taken by the X-ray passing entirely through the liquid within the bottle. When the bottle
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filled with liquid 1s somewhat inclined in a manner similar to that shown in Figure 16, the
meniscus 1620 remains towards the top of the bottle and the length of the segment 1612
corresponds to a generally uninterrupted path of the X-ray through the liquid. As will be
observed, as angle 1601 becomes smaller (the bottle 1s laid down closer to the
horizontal), the meniscus 1620 travels downward in the bottle and increases in surface
area, resulting case where the path taken by the X-ray travels not only through the body
of liquid but through the air layer above the meniscus. As a result, the determination of
the length of the path taken by the X-ray through the body of liquid, and hence the threat

characteristics of the liquid in the bottle, may be subject to certain inaccuracies.

Techniques for the determination of the threat characteristics of the liquid in the bottle
may vary from one implementation to the other. Examples of such techniques are
described in international patent application no. PCT/CA2007/001658, “Method and
Apparatus for Assessing the Characteristics of Liquids”, which was filed by Optosecurity
Inc. et al. with the Canadian Receiving Office on September 17, 2007 and was published
on March 27, 2008 under publication no. W0O2008034232.

Returning now to the specific example of implementation of the tray 101 shown in Figure
2, by somewhat inclining the bottle filled with liquid via the recess 104, the meniscus is

caused to migrate to one end of the bottle. Below the meniscus, the body of liquid is

generally uninterrupted.

The recesses 104 are accordingly designed to maintain the bottles filled with liquid at a

certain angle such that the meniscus will move to the elevated end of the bottle, which

may be the top end or the bottom end depending on the orientation of the bottle within
the recess 104.

In a specific example of implementation, the inclination of the recess 104 is such that a
longitudinal axis of a bottle placed within the tray 101 forms an angle to the horizontal

plane defined by the conveyor belt 806, which is in the range from about 5° to about 40°,
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preferably in the range from about 5° to about 30°, and preferably in the range from about
10° to about 20°. In a specific non-limiting practical implementation, the angle is

between about 10° and about 15°.

By positioning the bottle inside the tray 101 at a specific angle, the position of the
meniscus inside the bottle can be estimated. The optimal angle'of inclination of a bottle
for the purposes of analysis of the resulting X-ray image will generally depend on the
shape of the bottle and the quantity of liquid contained in that bottle. Since in typical
security related application, the shape of bottles and the quantity of liquid contained in
these bottles will not be known a priori, in specific practical implementations the tray
will preferably position the bottles at an angle selected to provide the most advantageous
positioning for most bottles that are likely to be scanned at the security checkpoint. In a
non-limiting example of implementation, the angle will be Selected so that the resulting

X-ray image of the bottle will likely convey the following:

e visible characteristics of the bottle, such as the shape of the bottom of the bottle

that may be used to allow deriving the general shape of the bottle;

e auniform area of liquid not affected by the meniscus.

In addition, in a specific non-limiting example of implementation, the angle 1s selected so
that the resulting X-ray image of the bottle should conveys the above information

irrespective of the orientation of the tray on the conveyor belt of an X-ray screening
apparatus.

In non-limiting practical implementations, when using a tray to position a full
commercial bottle at an angle smaller than 5° and scanning the full commercial bottle
with a single view X-ray machine, it was found that frequently the méniscus of the full
commercial bottle migrated into the field of vision. It was found that, when using a
single view X-ray machine for scanning the bottle, using a tray to position a full
commercial bottle at an angle between 10° and 15°and scanning resulted in the

operational manipulations and analysis of the resulting X-ray image being facilitated.
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While the recess(es) 104 illustrated in previous examples set the bottles filled with liquid
at a particular incline to the horizontal plane, those skilled in the art will appreciate that
other arrangements are possible. In particular, it would be possible to place the bottles
filled with liquid in a generally vertical orientation with respect to the horizontal plane
defined by the conveyor belt 806, which is best shown by the embodiment depicted in
Figure 11. In such an embodiment, the recesses 1100 are both deep and vertically
oriented to receive a bottle filled with liquid generally vertically. The transverse
dimension of the recess 1100 is selected according to the desired maximal transverse

dimension of the bottle to be fitted therein.

Note that the vertical arrangement shown in Figure 11 causes the meniscus to migrate to

the upper end of the bottle, as in the case of the previously described embodiment.

In another alternative embodiment, the recess 104 may include a mechanical locking
component operable to secure the bottle filled with liquid in the tray. An example of a
tray using such locking component is shown in Figure 12, which shows the tray in cross

section. A bottom surface of the tray is shown at 1202. The bottom surface 1202 is

~ generally flat and includes a small depression 1204 designed to receive a bottle filled

with liquid. The depression 1204 is shallow and acts primarily as means for locating the

bottle filled with liquid in a proper position in the tray. The bottle filled with liquid is

shown with dotted lines at 1206 and in this case it is generally circular.

It should be noted that the locking component may be used with or without a recess 104

to secure a bottle filled with liquid to the tray.

The locking component includes an arm 1208 that is curved and which is pivoted at 1210
near the bottom surface of the tray 1202. Although not shown in the drawings, the arm
1208 1s engaged by a spring or an equivalent resilient member to pivot in the clockwise

direction and thus engage the bottle filed with liquid 1206. The arm 1208 thus clamps
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the bottle filled with liquid and holds it in the tray such that the bottle acquires and

maintains a stable stance.

When the bottle filled with liquid needs to be removed from the tray, the arm 1208 is
manually rotated counterclockwise against the resiliency of the spring (not shown) to
open the arm 1208 and allow the bottle filled with liquid 1206 to be removed 'ﬁ'om the
bottom surface of the tray 1202. .

A possible variant, shown in Figure 13, is to provide a locking component including a
pair of opposing arms 1300 and 1302 that are pivoted respectively at 1304 and 1306,
which engage the bottle filled with liquid on opposite sides. The arms 1304 and 1306 are
spring-loaded in order to hold the bottle filled with liquid 1206 in place.

Yet another possible variant of the locking component shown in Figure 14 is to provide a
locking component including an adjustable strap 1400 made of a flexible material (such

as nylon) that would hold the bottle filled with liquid 1206 against the surface of the tray
1202.

As depicted in Figure 1, Figure 2 and Figure 7, the tray includes a cavity 107 for
receiving articles to be subjected to X-ray inspection other than the bottle(s) filled with
liquid. The cavity 107 is surrounded by a generally rectangular flange defining a space
105 which is dimensioned to allow an average-sized laptop computer (e.g. a laptop with a
157 screen, such as a 15” Apple® l\/IacBook® Pro wifh dimensions of 35.7cm wide by
24.3 cm long, or similarly sized device) to be placed in such a manner that the laptop lies
substantially flat within space 105. Advantageously, this arrangement allows a single X-
ray scan to be used to evaluate the threat status for two common items received at
security checkpoints prior to boarding: bottles filled with liquid and other miscellaneous

articles, such as laptop computers, cameras, wallets, cell phones, etc.

The cavity 107 and recesses 104 are separated by a partition 108 that is also illustrated in
Figure 1. The partition 108 segregates both types of items while keeping them side-by-
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side to avoid overlap between bottles filled with liquid and non—liquid articles. The
separation of the recesses 104 and the cavity 107 that is provided through such an
arrangement reduces the likelihood that non-liquid articles in an X-ray image residing
within the cavity 107 will obstruct all or part of the body of liquid in a bottle residing
within the recess 104. Obstruction is prevented when the majority of the penetrating
radiation (i.e. X-rays) that passes through non-liquid articles does not pass through the

' body of the liquid and vice versa.

By separating bottles filled with liquid from other (non-liquid) articles, the arrangement
of the tray 101 allows the X-ray imaging apparatus 802 to provide better X-ray images
for analysis and identification and assessment of potential threats. This may improve the

efficiency of security checkpoints resulting in reduced waiting times for passengers while

ensuring a secure environment for passenger transport.

Once the tray 101 has been scanned and its contents (including bottles filled with liquid
and non-liquid articles) removed by the passenger, the tray 101 may be stacked with
other like trays. As used here, the term “stackable” refers to the way that the tray 101
may partially fit within and be supported by a like tray below it.

As a result, when the first and second instances of the tray 101 are stacked, the
projections 206 and 207 on the bottom face of the upper tray that register with the

recesses 104 and the cavity 107, respectively will line up with and at least partially

engages the corresponding recess 104 and the cavity 107 of the lower tray.

A non-limiting example showing the use of the tray 101 will now be presented in

conjunction with the functional block diagram depicted in Figure 10. In this example,

assume that a passenger who is at a security checkpoint in an airport and has the

tollowing hand-carried luggage with him:
- One (1) 500 m! PVC bottle of water;
- One (1) 750 ml bottle of wine;

- One (1) laptop computer with a 15” screen and power adapter; and
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- One (1) backpack that is used to hold the articles listed above.
Further assume that a stack of trays 101 is provided at the security checkpoint.

At step 1010, the passenger arrives at the security checkpoint and receives a tray 101 in
the pre-scanning area. In the case where trays are stacked together, the passenger takes

the topmost tray 101 from the stack.

At step 1020, the passenger removes the three (3) articles to be scanned (collectively
referred to as “tray contents™) from the backpack and organizes them within the tray 101
as follows:

- The 500 ml bottle of water is placed within the first recess 104;

- The 750 ml bottle of wine is placed within the second recess 104;

- The third and fourth recesses 104 are left empty; and

- The laptop computer is placed within the area 105.

This arrangement places the passenger’s two (2) bottles filled with different types of
liquid side-by-side with the non-liquid article (the laptop computer) in the tray 101. Once
suitably placed between the opposing walls of their respective recess 104, the bottles are

positively inclined at a given angle to the horizontal plane and the meniscus moves to the

top of each bottle as a result.

With the tray contents organized, the passenger puts his tray containing the tray contents

on the conveyor belt 806 in the pre-scanning area, followed by the (now empty)

backpack.

At step 1030, the passenger’s tray 101 and tray contents are transported from the pre-
scanning area to the scanning area 804. During this movement, the two (2) bottles
remain stable in the tray. The laptop computer within area 105 is also protected from

shifting or damage that would be otherwise caused by the movement of the conveyor belt
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806. The result of this step is the transfer and positioning of the tray and its contents

within the screening area 804 of the X-ray screening device 102.

At step 1040, the X-ray source 808 is actuated, causing X-ray beams to penetrate the tray
and 1ts contents and be picked up by the array of X-ray detectors 810. The array of X-ray
detectors 810 transfers this information to the processing unit 812, which generates an X-

ray image of the tray contents that may be processed and analyzed.

At step 1050, the generated X-ray image is processed, which includes analyzing the X-
ray image of the tray contents to identify potential threats among the tray contents and
assign threat statuses to such threats. At this step, software may be used to analyze the
portion(s) of the generated X-ray image containing the two (2) bottles filled with liquid
(1.. the bottle of water and the bottle of wine) to determine whether these bottles present

any type of threat and if so, determine the threat level associated with each bottle filled
with liquid.

Processing unit 812 may implement any suitable method for assessing the characteristics
of hiquids from the x-ray images of bottles of liquid. Examples of methods that could be
used are described 1n international patent application no. PCT/CA2007/001658, “Method
and Apparatus for Assessing the Characteristics of Liquids”, which was filed by
Optosecurity Inc. et al. with the Canadian Receiving Office on September 17, 2007 and
was published on March 27, 2008 under publication no. W0O2008034232. Amongst
others, the above referenced PCT application describes a method that can be
implemented as software and that can be used in order to perform an analysis of X-ray
image data in order to determine a threat status of the bottles. In particular, the method
described makes use of X-ray attenuation information extracted from the X-ray image,
which was obtained by subjecting the bottles filled with liquid to x-ray radiation, to
determine 1f the bottles filled with liquid present a threat or not.
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Those skilled in the art will understand that the X-ray image of the tray contents
generated at step 1040 may also be displayed on a display device (not shown) to allow a
human screener to determine whether the non-liquid articles (1.e. the laptop computer)
present a security threat. Alternatively, the processing unit 812 may also process this part
of the generated X-ray image as well as to assess in an automated fashion whether.a'ny of

the non-liquid articles of the tray contents presents a threat.

The result of this step is the determination and assessment by the processing unit 812
(and/or human screener) of potential threats within the tray contents that may need
further inspection and the communications of the threat result (and/or non-threat result) to

the human screener via visual and/or auditory means.

At step 1060, the tray and its contents exit the scanning area 804 and are transported to
the post-scanning area via the conveyor belt 806. Like at step 1040, the two (2) bottles

filled with liquid, as well as the laptop computer, remain within their respective areas of

the tray 101.

At step 1070, the tray contents are removed from the tray 101. If the results of the
analysis performed on the tray contents at step 1050 indicate that these articles present no
threat, it is likely that the security screener may release the tray 101 and its contents to the
passenger and allow him to remove his articles from it. However, if the analysis

performed at step 1050 indicates that some potential threat is identified among the tray

contents, it is highly probable that security personnel will intervene to inspect the

offending article(s) further before releasing the tray 101 to the passenger.

At step 1080, the now empty tray 101 is stacked by the passenger or by security

personnel with other like trays in the post-scanning area. In this case, the projections 206
and 207 on the underside of the tray 101 are aligned with the recess(es) 104 and the
cavity 107 of other trays in the stack and then the tray 101 1s placed at the top of the
stack. The stack of trays is then returned to the pre-scanning area for use by other

passengers, which starts the operation anew at step 1010.
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Although the present invention has been described in considerable detail with reference
to certain preferred embodiments thereof, variations and refinements are possible without

departing from the spirit of the invention.

For example, in accordance with a non-limiting variant (depicted in Figure 17), the tray
1700 can include spacing members 1701 positioned on its periphery. In use, when two
trays are queued one after the other, the spacing members 1701 of one of the trays come

to rest against the other tray so as to keep a certain distance between two consecutive

trays as they undergo scanning.

In accordance with another variant shown in Figure 18, the tray 1800 can include an area
1801 providing space to include written material such as, for example, printed

advertising.

In addition, although the use of the embodiments of the tray described in the present

application have been described with reference to single view X-ray imaging apparatus,

- such as the one shown in figure 8, it is to be appreciated that embodiments of the tray may

be used in any suitable type of the X-ray imaging apparatus including multi-view X-ray

imaging apparatus.

It will therefore be appreciated that other various modifications will become apparent to

those skilled in the art and are within the scope of this invention, which is defined more

particularly by the attached claims.
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CLAIMS:

1)

A tray for supporting a bottle filled with liquid while the bottle filled with liquid is
subjected to an X-ray inspection at a security checkpoint to determine the threat status |
of the bottle filled with liquid, the bottle filled with liquid being characterized by a

transverse dimension and a longitudinal dimension and being of an overall size

suitable to be carried in hand-carried luggage allowed onboard a commercial aircraft,

the tray comprising an elongated recess for receiving the bottle filled with liquid, the

recess defined between opposing walls spaced to engage the bottle filled with liquid

on its sides when the bottle filled with liquid is placed in the recess, the opposing

- walls preventing the bottle filled with liquid from rocking in the recess during the X-

2)

3)

)

)

0)

/)

ray inspection.

A tray as defined in claim 1, wherein at least one of the opposing walls includes a flat

portion.

A tray as defined in claim 2, wherein both opposing walls include flat portions.

A tray as defined in claim 3, wherein the flat portions of the opposing walls face each

other.

A tray as defined in claim 4, wherein the flat portions define a V-shape.

A tray as defined in any one of claims 1 to 5, comprising a plurality of recesses for

receiving respective bottles filled with liquid.

A tray as defined in claim 1, comprising a cavity adjacent the recess for receiving

articles to be subjected to X-ray inspection other than bottles filled with liquid.

8) A tray as defined in claim 7, comprising a partition between the recess and the cavity.
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9) A tray as defined in claim 8, wherein the cavity is dimensioned such as to allow a

laptop computer to fit in the cavity.

10) A tray as defined in claim 1, wherein the bottle filled with liquid has a top extremity
and a bottom extremity, wherein the recess is configured to hold the bottle filled with
liquid in an inclined position such that a meniscus in the bottle filled with liquid has a

tendency to migrate toward one of the extremities of the bottle filled with liquid.

11) A tray as defined in claim 1, wherein the recess is configured to hold a bottle filled

with liquid having a transverse dimension less than about § inches. -

12) A tray as defined in claim 1, wherein the recess is configured to hold a bottle filled

with liquid having a transverse dimension less than about 4 inches.

13) A tray as defined in claim 1, wherein the recess is configured to hold a bottle filled

with liquid having a transverse dimension less than about 3 inches.
14) A tray as defined in claim 1, wherein the tray is stackable.

15) A tray as defined in claim 14, wherein the tray has a top fécé and a bottom face, the
recess opening on the top face, the bottom face including a projection, wherein, when

two like trays are stacked, the projection of one of the trays facing the recess of the
other one of the trays.

16) A tray as defined in claim 15, wherein the projection of the one of the trays engages

the recess of the other one of the trays.

17) A tray for supporting bottles filled with liquid while the bottles filled with liquid are

subjected to an X-ray inspection at a security checkpoint to determine the threat status

of the bottles filled with liquid, the bottles filled with liquid being of an overall size
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suitable to be carried in hand-carried luggage allowed onboard a commercial aircraft,
the tray comprising a plurality of elongated recesses for receiving respective bottles

filled with liquid therein.

18) A tray as defined in claim 17, comprising a partition between two adjacent recesses of

the plurality of elongated recesses.
19) A tray as defined in claim 18, wherein at least two of the recesses extend side by side. -

20) A tray as defined in claim 17, wherein one or more of the recesses include opposing
walls for engaging a respective bottle filled with liquid and preventing the bottle

filled with liquid from rocking in the recess during the X-ray inspection.
21) A tray as defined in claim 20, wherein each opposing wall has a flat portion.

22) A tray as defined in claim 21, wherein the flat portions of the opposing walls form é
V-shape.

23) A tray as defined in claim 17, wherein each one of the bottle filled with liquid has a
top extremity and a bottom extremity, at least one of the recesses being configured to
hold the respective bottle filled with liquid in a position such that a meniscus in the

bottle filled with liquid has a tendency to migrate toward one of the extremities of the
bottle filled with liquid.

24) A tray as defined in claim 17, wherein the tray is stackable.

25) A tray as defined in claim 24, wherein the tray has a bottom face, the bottom face
having a projection, wherein when two like trays are stacked the projection of one of

the trays fitting in the corresponding recess of the other tray.
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26)A tray' for supporting a bottle filled with liquid while the bottle filled with liquid is
subjected to an X-ray inspection at a security checkpoint to determine the threat status
of the bottle filled with liquid, the tray including a bottle receiving area, the bottle
recetving area including a wall structure for engaging the bottle filled with liquid, the
wall structure being arranged to hold the bottle filled with liquid in a position such
that a meniscus in the bottle filled with liquid has a tendency to migrate toward an
extremity of the bottle filled with liquid.

27) A tray as defined in claim 26 wherein the bottle receiving area defines a recess.

28) A tray as defined in claim 27, wherein the recess is defined between opposing walls.
29) A tray as defined in claim 28, wherein the opposing walls have flat portions.

30) A tray as defined in claim 28, wherein the flat portions define a V-shape.

31) A tray as defined in claim 27, whergin the tray 1s stackable.

32) A tray as defined in claim 30, wherein the tray has a bottom face, the bottom face

including a projection, wherein when two like trays are stacked the projection of one

of the trays fitting in the corresponding recess of the other tray.

33) A method for assessing the threat status of a bottle filled with liquid at a security
checkpoint, the bottle filled with liquid having a generally circular cross-sectional
shape and being capable of rolling on a flat surface, the method comprising:

- placing the bottle filled with liquid in a tray;

- introducing the tray and the bottle filled with liquid in a scanning area of an
X-ray imaging apparatus; _

- restraining the bottle filled with liquid from rolling on the tray while the bottle

filled with liquid is in the scanning area;
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- performing an X-ray inspection of the bottle filled with liquid while the bottle
filled with liquid is restrained;
-  assessing the threat status of the bottle filled with liquid on the basis of the X-

ray inspection.

34) A method as defined in claim 33, comprising the step of removing the tray and the

bottle filled with liquid from the scanning area.

35) A method as defined in claim 34, comprising the step of removing the bottle filled
10 with liquid from the tray subsequent to removing the tray and the bottle filled with

liquid from the scanning area.

36) A method as defined in claim 35, comprising stacking the tray with a like tray

subsequent to removing the bottle filled with liquid from the tray.
13

37) A method as defined in claim 36, wherein the stacking includes inserting the tray

partially in a like tray.

38) A method as defined in claim 33, wherein the restraining includes engaging the bottle
20 filled with liquid with a wall structure of the tray.

39) A method as defined in claim 38, wherein the wall structure defines a recess.

40) A method as defined in claim 39, wherein the wall structure has a pair of opposing
25 walls.

41) A method as defined in claim 40, wherein the opposing walls engage the sides of the
bottle filled with liquid.

30 42) A method as defined in claim 41, wherein the opposing walls define a V-shape.
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43) A method as defined in claim 33, wherein the bottle filled with liquid has a top
extremity and a bottom extremity, the method comprising maintaining the bottle filled
with liquid in a position to induce a meniscus in the bottle filled with liquid to migrate

toward one of the extremities while performing the X-ray inspéction of the bottle
filled with liquid. '

44) A method as defined in claim 43, wherein the bottle filled with liquid has a
longitudinal axis, the method comprising positioning the bottle filled so that the
longitudinal axis makes an angle with respect to a horizontal plane in the range from

about 5 degrees to about 40 degfees.

45) A method as defined in claim 43, wherein the bottle filled with liquid has a
longitudinal axis, the method comprising positioning the bottle filled with liquid such
that the longitudinal axis makes an angle with respect to a horizontal plane in the

range from about 5 degrees to about 30 degrees.

46) A method as defined in claim 43, wherein the bottle. filled with liquid has a
longitudinal axis, the method comprising positioning the bottle filled with liquid such

that the longitudinal axis makes an angle with respect to a horizontal plane in the

range from about 10 degrees to about 20 degrees.

47) A method as defined in claim 33, wherein the assessing includes analyzing the X-ray

image data with software to determine the threat status.

48) A method as defined in claim 47, wherein the analyzing includes extracting from the

X-ray image data X-ray attenuation information and processing the attenuation

information with the software to determine the threat status.

49) A method for assessing the threat status of hand-carried luggage of a passenger at a
security checkpoint in an airport, the hand-carried luggage including a bottle filled

with liquid and an article other than a bottle, the method comprising:
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= placing the bottle filled with liquid and the article in a tray such that the
bottle filled with liquid and the article are in predetermined locations in the
tray,
* introducing the tray in a scanning area of an X-ray imaging apparatus;
5 » performing an X-ray inspection of the bottle filled with liquid and the
article, the predetermined locations in the tray being such that a majority of
X-rays passing through the article pass beside and not through the bottle
filled with liquid ; ' '
» assessing the threat status of the bottle filled with liquid and of the article on
10 ~ the basis of the X-ray inspection. .

50) A method as defined in claim 49, comprising providing the tray with a partition to
define a first area for receiving the bottle filled with liquid and a second area for
‘ receiving the article.
15

51) A method as defined in claim 50, wherein the article includes a laptop computer.

52) A method as defined in claim 50, wherein the bottle filled with liquid having a
generally circular cross-sectional shape and being capable of rolling on a flat surface,
20 the method comprising restraining the bottle filled with liquid from rolling on the tray

while the bottle filled with liquid is in the scanning area.

53) A method as defined in claim 52, comprising the step of removing the tray and the
bottle filled with liquid from the scanning area.
25
54) A method as defined in claim 53, comprising the step of removing the bottle filled
with liquid from the tray subsequent to removing the tray and the bottle filled with

liquid from the scanning area.

30 55)A method as defined in claim 54, comprising stacking the tray with a like tray
subsequent to removing the bottle filled with liquid from the tray.
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56) A method as defined in claim 55, wherein the stacking includes inserting the tray
partially in a like tray.

5 57)A method as defined in claim 49, wherein the bottle filled with liquid has a top
extremity and a bottom extremity, the method comprising maintaining the bottle filled
with liquid in a position to induce a meniscus in the bottle filled with liquid to migrate

toward one of the extremities while performing the X-ray inspection of the bottle

filled with lquid.
10
58) A method as defined in claim 49, wherein the predetermined position 1s such that the
bottle filled with liquid and the article are side by side on the tray.
59) A method as defined in claim 58, wherein the body of liquid material and the article
15  donot overlap.

60) A method as defined in claim 49, comprising taking at least one X-ray image of the
- tray with the article and the bottle filled with liquid.

20  61) A method as defined in claim 60, comprising processing X-ray image data to assess

the threat status of the bottle filled with liquid and of the article.

62) A method as defined in claim 61, wherein processing X-ray image data to assess the

threat status of the bottle filled with liquid and of the article includes processing a
25 portion of the X-ray image data corresponding to the bottle filled with liquid with

threat assessment software to determine the threat status of the bottle ﬁlléd with

liquid.

63) A method as defined in claim 62, wherein processing X-ray image data to assess the
30 threat status of the bottle filled with liquid and of the article includes displaying at
least a portion of the X-ray image data corresponding to the article on a display such
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that a human operator can visually observe an X-ray image of the article on the

display.

64) A method for assessing the threat status of hand-carried luggage of a passenger at a
security cheékpoint in an airport, the hand-carried luggage inchiding a bottle filled
with liquid, wherein the bottle filled with liquid has a top extremity and a bottom
extremity, the method comprising: |

1) placing the bottle filled with liquid in a tray;

1i) introducing the tray in a scanning area of an X-ray imaging apparatus;

u1)  performing an X-ray inspection of the bottle filled with liquid;

iv)  maintaining the bottle filled with liquid in a position to induce a meniscus
in the bottle filled with liquid to migrate toward one of the extremities while
performing the X-ray inspection of the bottle filled with liquid; ‘

V) assessing the threat status of the bottle filled with liquid.

65) A method as defined in claim 64, wherein the bottle filled with liquid having a
generally circular cross-sectional shape and being capable of rolling on a flat surface,
the method comprising restraining the bottle filled with liquid from rolling on the tray

while the bottle filled with liquid is in the scanning area.

66) A method as defined in claim 65, comprising the step of removing the tray and the

bottle filled with liquid from the scanning area.

67) A method as defined in claim 66, comprising the step of removing the bottle filled
with liquid from the tray subsequent to removing the tray and the bottle filled with

liquid from the scanning area.

68) A method as defined in claim 66, comprising stacking the tray with a like tray
subsequent to removing the bottle filled with liquid from the tray. |
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69) A method as defined in claim 68, wherein the stacking includes inserting the tray

partially in a like tray.
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