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TITLE: Method and apparatus for assessing the threat

status of luggage

FIELD OF THE INVENTION

The present invention relates to technologies for

assessing the threat status of luggage. The invention has

numerous applications; in particular it can be used for

scanning luggage at airport or other security check

points .

SUMMARY OF THE INVENTION

As embodied and broadly described herein, the

invention provides a method and a system for assessing a

threat status of a piece of luggage. The method comprises

the steps of scanning the piece of luggage with

penetrating radiation to generate image data and

processing the image data with a computing device to

determine the presence of an objet represented by the

image data. The method also includes further processing

the image data to compensate the image data for

interaction between the object and the penetrating

radiation to produce compensated image data and then

determine the threat status of the piece of luggage on the

basis of compensated image data.

As embodied and broadly described herein, the

invention also provides a method and a system for

assessing a threat status of a piece of luggage that

contains an object. The method includes scanning the

piece of luggage with X-rays to generate image data and

provide a computing device programmed with software for

execution by a CPU. The computing device simulating an

interaction between the object and X-rays to compute X-

rays attenuation information and processing the X-ray



attenuation information to reduce a signature of the

object in the image data and generate compensated image

data. The threat status of the piece of luggage is

determined on the basis of the compensated image data.

As embodied and broadly described herein the

invention also provides a method for assessing a threat

status of a piece of luggage containing a laptop computer.

The method includes scanning the piece of luggage with

penetrating radiation to generate image data and

processing the image data with a computing device

programmed with software for execution by a CPU, for:

i ) identifying a portion of the image that conveys

information about attenuation of X-rays due to

interaction between the X-rays and the laptop

computer;

ii) reduce a visual signature if the interaction in

the identified portion of the image to produce

compensated image data.

As embodied and broadly described herein, the invention

also provides method and a system for visually enhancing

an X-ray image to increase the likelihood of visually-

detecting the presence of explosive material hidden in an

electronic device. The method includes scanning a piece of

luggage containing an electronic device with X-rays to

generate X-ray image data and process the X-ray image data

with a computing device to:

i ) identify a portion of the X-ray image that

conveys information about attenuation of X-rays

due to interaction between the X-rays and the

electronic device and in the event the electronic

device contains explosive material attenuation



information due to interaction between X-rays and

the explosive material;

ii) compensate the X-ray image data to reduce the

contribution to the attenuation information within

the portion due to the interaction between the

electronic device and the X-rays.

As embodied and broadly described herein the invention

also provides a system for assessing a threat status of a

piece of luggage that contains an object. The system has

an X-ray scanner for scanning the piece of luggage with X-

rays to generate X-ray image data and a computing device

programmed with software for execution by a CPU, for

processing the X-ray image data to reduce a signature of

the object in the X-ray image data and produce a

compensated X-ray image data. The system also has a

display device for displaying an image of the piece of

luggage derived from the compensated X-ray image data. The

computing device implements a user interface including a

control, the computing device being responsive to

actuation of the control to alter a degree of object

signature reduction in the X-ray image.

A system for assessing a threat status of a piece of

luggage that contains an object. The system has an X-ray

scanner for scanning the piece of luggage with X-rays to

generate X-ray image data and a computing device

programmed with software for execution by a CPU, for

processing the X-ray image data to reduce a signature of

the object in the X-ray image data and produce a

compensated X-ray image data. The system also has a

display device for displaying an image of the piece of

luggage derived from the compensated X-ray image data.



The computing device implementing a user interface

including a control, the computing device being responsive

to actuation of the control to toggle the display device

between a first mode and a second mode, the first mode and

the second mode deferring by a degree of object signature

reduction .

A system for assessing a threat status of a piece of

luggage that contains an object having an X-ray scanner

for scanning the piece of luggage with X-rays to generate

X-ray image data and a computing device programmed with

software for execution by a CPU, for processing the X-ray

image data to reduce a signature of the object in the X-

ray image data and produce a compensated X-ray image data.

The computing device generates a composite image signal

derived from the compensated X-ray image data including an

overlay to illustrate a position of the object. The system

also has a display device for displaying an image of the

piece of luggage derived from the composite image signal.

As embodied and broadly described herein, the invention

also provides a system for assessing a threat status of a

piece of luggage that contains an object. The system

including an X-ray scanner for scanning the piece of

luggage with X-rays to generate X-ray image data and a

computing device programmed with software for execution by

a CPU, for processing the X-ray image data to reduce a

visual presence of the object. The computing device

implements a user interface including a control operable

by a user to designate a location in the X-ray image where

the object resides, the computing device being responsive

to the control to processing the X-ray image data to

reduce visual presence of the object at the location and

generate compensated X-ray image data. The system also



has a display device for displaying an image of the piece

of luggage derived from the compensated X-ray image data.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of examples of implementation

of the present invention is provided hereinbelow with

reference to the following drawings, in which:

Figure 1 is a flow chart of the method for performing

threat assessment according to an example of

implementation of the present invention;

Figure 2 is a schematical view of a single view X-ray

scanning apparatus;

Figure 3 is an example of an X-ray image obtained by the

X-ray scanning apparatus of Figure 2 ;

Figure 4 is a schematical view of a dual view X-ray

scanning apparatus;

Figure 5 is an example of X-ray images obtained by the X-

ray scanning apparatus of Figure 3 ;

Figure 6 is a schematical view of a three-view X-ray

scanning apparatus;

Figure 7 is an example of X-ray images obtained by the X-

ray scanning apparatus of Figure 6 ;

Figure 8 is a more realistic X-ray image of a piece of

luggage seen from the top;



Figure 9 is a more realistic X-ray image of the same piece

of luggage shown in Figure 8 but from the side;

Figure 10 is an X-ray image of a piece of luggage seen

from the top, also showing how the X-ray signatures of

objects that overlay one another form the X-ray image;

Figure 11 is an X-ray image of a piece of luggage seen

from the top, the image containing the X-ray signatures of

a pair of handle bars;

Figure 12 is representation of a computer generated model

of the X-ray signature of the handle bars;

Figure 13 shows the X-ray image of Figure 11, compensated

to remove the contribution of the handle bars in the

image;

Figure 14 is an X-ray image of a piece of luggage seen

from the top, the image illustrating the X-ray signature

of a laptop computer;

Figure 15 shows the X-ray image of Figure 14, compensated

to remove the contribution of some components of the

laptop computer;

Figure 16 shows the X-ray image of Figure 14, compensated

to remove the contribution of the laptop computer in its

entirety;

Figure 17 a is a block diagram of an apparatus using X-

rays to scan hand carried baggage at a security check

point, according to a non-limiting example of

implementation of the invention;



Figure 18 is a schematical illustration of the X-ray

scanner illustrating the different components thereof;

Figure 19 is a block diagram of a processing module for

use with an X-ray scanning apparatus to process the X-ray

image data and perform X-ray image compensation to remove

the contribution of objects shown in the image;

Figure 20 is graph illustrating the total X-ray-

attenuation in H20 due to various X-ray matter

interactions ;

Figure 21 is a generalized illustration of the

photoelectric X-ray absorption process;

Figure 22 is a generalized illustration of the Compton

scattering effect;

Figure 23 is a flowchart of a process for allowing the

operator to specify on the X-ray image at Figure 8 a

specific area of the image to be analyzed to determine the

presence of object characterization features;

Figure 24 is a flowchart of a process for modeling an

object detected in an X-ray image to perform X-ray image

data compensation; and

Figure 25 is an image of a display screen showing

Graphical User Interface tools (GUI) that can assist the

operator to control the display of the X-ray image of the

luggage and accordingly, the visual inspection of the

contents of the luggage.



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 intended to be a definition of the limits of

the invention.

DETAILED DESCRIPTION

Figure 1 illustrates a flowchart of a process

performed according to a non-limiting example of

implementation of the invention for conducting a security

screening operation on luggage such as a suitcase.

Generally speaking, the process, which can be

performed at a security checkpoint or at any other

suitable location, would start with step 20, where the

luggage is scanned with X-rays in order to derive X-ray

attenuation data. The X-ray attenuation data conveys

information about the interaction of the X-rays with the

contents of the luggage. In a specific and non-limiting

example of implementation, the X-ray attenuation data is

contained in the X-ray image data, which is normally the

output of an X-ray scan. Note that "X-ray image" data

does not imply that the scanner necessarily produces an X-

ray image for visual observation by an observer, such as

the operator, on a display monitor. Examples of

implementation are possible where the system can operate

where the X-ray image data output by the X-ray scanner is

not used to create an image on the monitor to be seen by

the operator.

At step 22, the X-ray image data is output from the

X-ray scanning apparatus and received by a suitable data

processing device. The data processing device then



performs suitable processing of the X-ray image data at

step 24 which searches the X-ray image data for

characterization features indicating the possible presence

in the luggage of certain objects.

If characterization features are found in the X-ray

image data the processing derives at step 26 properties of

the object associated with the characterization features.

The performance of step 26 may include interaction with a

database 28 that maps respective objects or their

characterization features and object properties. Examples

of object properties include a nominal X-ray signature of

the object such as the degree of X-ray attenuation and

dimensions of the object among others.

At step 30 the object property derived at step 26 is

used to compensate the X-ray image data such as to reduce

or even eliminate the "presence" of the object in the X-

ray image data. The thus compensated X-ray image data can

then be processed to determine if the luggage is a

security threat. The processing can be automatic, rely on

a human operator or a combination of both. Automatic

processing could involve a processing of the compensated

attenuation information conveyed by the X-ray image data

in order to determine the presence of prohibited

materials, such as explosives, on the basis of material

composition. Automatic processing could also involve a

shape analysis of articles in the X-ray image to locate

the presence of threatening articles, such as guns or

stabbing objects.

A human operator can be involved in the threat

assessment process by displaying the compensated image on

a display to show the operator a "de-cluttered" view of



the contents of the luggage, such that the operator can

determine based on his/her judgement if a prohibited

object is present in the luggage.

Both processes can also be run, in parallel or

sequentially. In that scenario the involvement of the

operator can be useful to validate the results of the

automatic threat detection processing or to resolve cases

where the automatic threat detection processing produces

ambiguous results.

1 ) Scanning luggage with X-rays
With reference to Fig. 17, there is shown a specific

non-limiting example of a system 10 for use in screening

luggage, in accordance with a non-limiting embodiment of

the present invention. The system 10 comprises an X-ray

scanner 100 that applies an X-ray screening process to a

piece of luggage 104, such as a suitcase that is located

within a screening area of the X-ray scanner 100. In an

airport setting, a passenger may place the piece of

luggage 104 onto a conveyor belt 114 that causes the piece

of luggage 104 to enter the screening area of the X-ray

scanner 100. The X-ray scanner 100 outputs an X-ray image

data signal 116 to a processing module 200, best shown in

Figure 19.

The processing module 200 may be co-located with the

X-ray scanner 100 or it may be remote from the X-ray

scanner 100 and connected thereto by a communication link,

which may be wireless, wired, optical, etc. The

processing module 200 receives the X-ray image data signal

116 and executes the method briefly described in

connection with Figure 1 to produce de-cluttered X-ray

image data. The processing module 200 has access to the

database 28 via a communication link 120. The processing



module 200 may be implemented using software, hardware, or

a combination thereof.

In the example shown, the de-cluttered X-ray image

data is directed to a console 300 and/or to a security

station 500, where the X-ray image can be shown to an

operator 130 or other security personnel. The console 300

can be embodied as a piece of equipment that is in

proximity to the X-ray scanner 100, while the security

station 500 can be embodied as a piece of equipment that

is remote from the X-ray scanner 100. The console 300 may

be connected to the security station 500 via a

communication link 124 that may traverse a data network

(not shown) .

The console 300 and/or the security station 500 may

comprise suitable software and/or hardware and/or control

logic to implement a graphical user interface (GUI) for

permitting interaction with the operator 130.

Consequently, the console 300 and/or the security station

500 may provide a control link 122 to the X-ray scanner

100, thereby allowing the operator 130 to control motion

(e.g., forward/backward and speed) of the conveyor belt

114 and, as a result, to control the position of the

suitcase contents 102 within the screening area of the X-

ray scanner 100.

In accordance with a specific non-limiting

embodiment, and with reference to Fig. 18, the X-ray

scanner 100 is a dual-energy X-ray scanner 10OA. However,

persons skilled in the art will appreciate that the

present invention is not limited to such an embodiment.

Continuing with the description of the dual-energy X-ray

scanner 100A, an X-ray source 202 emits X-rays 206 at two



distinct photon energy levels, either simultaneously or in

sequence. Example energy levels include 50 keV (50

thousand electron-volts) and 150 keV, although persons

skilled in the art will appreciate that other energy

levels are possible.

Generally speaking, X-rays are typically defined as

electromagnetic radiation having wavelengths that lie

within a range of 0.001 to 10 nm (nanometers)

corresponding to photon energies of 120 eV to 1.2 MeV.

A detector 218 located generally along an extension

of the path of the X-rays 206 receives photons emanating

from the luggage 104. Some of the incoming photons (X-

rays 206) will go straight through the luggage 104 while

some will interact with the contents of the luggage 104.

There are a number of interactions possible, such as:

• The Rayleigh scattering (coherent scattering)

• The photoelectric absorption (incoherent scattering)

• The Compton scattering (incoherent scattering)

• The pair production;

• Diffraction ( related to scattering)

The total attenuation shown in the graph of Figure 20

is the contribution of the various X-rays - matter

interactions. In this example the matter is H2O but the

attenuation profile for other materials is generally

similar.

The photoelectric absorption (Figure 21) of X-rays

occurs when the X-ray photon is absorbed, resulting in the

ejection of electrons from the shells of the atom, and



hence the ionization of the atom. Subsequently, the

ionized atom returns to the neutral state with the

emission of whether an Auger electron or an X-ray

characteristic of the atom. This subsequent X-ray

emission of lower energy photons is however generally

absorbed and does not contribute to (or hinder) the X-ray

image making process. This type of X-ray interaction is

dependent on the effective atomic number of the material

or atom and is dominant for atoms of high atomic numbers.

Photoelectric absorption is the dominant process for X-ray

absorption up to energies of about 25 keV. Nevertheless,

in the energy range of interest for security applications,

the photoelectric effect plays a smaller role with respect

to the Compton scattering, which becomes dominant.

Compton scattering (Figure 22) occurs when the

incident X-ray photon is deflected from its original path

by an interaction with an electron. The electron gains

energy and is ejected from its orbital position. The X-

ray photon looses energy due to the interaction but

continues to travel through the material along an altered

path. Since the scattered X-ray photon has less energy,

consequently it has a longer wavelength than the incident

photon. The event is also known as incoherent scattering,

because the photon energy change resulting from an

interaction is not always orderly and consistent. The

energy shift depends on the angle of scattering and not on

the nature of the scattering medium. Compton scattering

is proportional to material density and the probability of

it occurring increases as the incident photon energy

increases .

The diffraction phenomenon of the X-rays by a material

with which they interact is related to the scattering



effect described earlier. When the X-rays are scattered

by the individual atoms of the material, the scattered X-

rays may then interact and produce diffraction patterns

that depend upon the internal structure of the material

that is being examined.

The photons received by the detector 218 include

photons that have gone straight through the suitcase 104

and its contents 102; these photons have not interacted in

any significant matter with the suitcase 104. Others of

the received photons have interacted with the suitcase 104

or its contents 102.

In accordance with a specific non-limiting embodiment

of the present invention, the detector 218 may comprise a

low-energy scintillator 208 and a high-energy scintillator

210. The low-energy scintillator 208 amplifies the

intensity of the received photons such that a first

photodiode array 212 can generate a low-energy image data

220. Similarly, the high-energy scintillator 210

amplifies the intensity of the received photons such that

a second photodiode array 214 can generate a high-energy

image data 222. The low-energy image data 220 and the

high-energy image data 222 may be produced simultaneously

or in sequence. In this example, the low-energy X-ray

image data 220 and the high-energy X-ray image data 222

form the aforesaid X-ray image data signal 116.

Referring back to Figure 17, the processing module

200 receives the X-ray image data signal 116 and processes

the signal in conjunction with data contained in a

database 28 to de-clutter the X-ray image and optionally

perform an automatic threat assessment operation on the

de-cluttered image.



Figure 19 is a high level block diagram of the

processing module 200. The processing module 200 has a

Central Processing Unit (CPU) 308 that communicates with a

memory 302 over a data bus 304. The memory 302 stores the

software that is executed by the CPU 308 and which defines

the functionality of the processing module 200. The CPU

308 exchanges data with external devices through an

Input/Output (I/O) interface 306. Specifically, the X-ray

image data signal 116 is received at the I/O interface 306

and the data contained in the signal is processed by the

CPU 308. The de-cluttered signal 118 that is generated by

the CPU 308 is output to the console 308 and/or the

security station 500 via the I/O interface 306. Also,

communications between the database 28 and the processing

module 200 are made via the I/O interface 306.

Conceptually, the database 28 is shown as being part of

the memory 302, although from an implementation

perspective the database 28 can be remote from the storage

medium in which is held the software code that defines the

functionality of the processing module 200.

The example of implementation shown in Figure 18 uses

an X-ray scanning apparatus that produces X-ray image data

representing a single view of the piece of luggage. The

general configuration of this type of X-ray scanning

apparatuses is shown in Figure 2 .

The X-ray scanning apparatus 280 includes a scanning

area 282 in which is carried the piece of luggage 284 by

the conveyor belt 114 (not shown in Figure 2 ) . An X-ray

source 286 generates a fan-shaped X-ray beam that

interacts with the contents of the luggage 284. The X-

rays that pass through the piece of luggage 284 are picked



up by an L-shaped sensor array 288. The X-ray data

produced by the sensor array 288 is a single view

representation of the piece of luggage 284, as the one

shown in Figure 3.

Figure 4 illustrates an X-ray scanning apparatus 350

that subjects the piece of luggage to two sources of X-ray

radiation 352 and 354 oriented at an angle that can be in

the order of 90 degrees. Other angular relationships are

possible. This arrangement produces X-ray image data

conveying representations of the piece of luggage 284 from

two different perspectives or views as shown in Figure 5 .

More specifically, the X-ray source 352 produces the view

"View 1" in Figure 5 while the X-ray source 354 produces

the view "View 2" in Figure 5 .

Figure 6 shows yet another possible example of an X-

ray scanner 600 which uses three sources of X-ray

radiation 602, 604 and 606. The X-ray sources 602, 604

and 606 are oriented at such an angular relationship as to

produce X-ray image data conveying three different views

of the piece of luggage 284. More specifically, the X-ray

source 602 produces the view "View 1", the X-ray source

606 produces the view "View 2" and the X-ray source 604

produces the view "View 3" in Figure 7 .

2 ) Identify object characterization features
In one specific and non-limiting example of

implementation the X-ray image data is processed to

determine if it contains object characterization features

which indicate the presence of certain objects in the

piece of luggage. Several possible examples of

implementation are possible. Those examples of

implementation are discussed below.



(a) Determining object characterization features in

X-ray data conveying a single view of the piece of

luggage.

Figure 8 is representation of an X-ray image obtained

with an X-ray scanner 350 shown in Figure 2 , namely a

single view machine. The image shows a typical

suitcase 800 and its contents. In order to clarify

the image, either for the purpose of automatic threat

detection or for producing a de-cluttered view for

visual inspection by an operator, it is desirable to

compensate the image such as to remove from it the X-

ray signature of one or more objects in the suitcase

800. Some of the objects in the suitcase 800 are

identifiable. Accordingly, it is possible to

determine the contribution of those objects in the X-

ray image and thus compensate the X-ray image

accordingly.

(i) Determining object characterization

features based on shape.

The image processing operation that is

performed tries to identify particular shapes

in the X-ray image which can be associated

with certain objects. Typical shapes or shape

components that can be identified include:

1. straight edges that correspond to the

border of an object;

2 . curved edges;

3 . edges meeting at an angle that

correspond to an area of the object

where two converging edges meet;

4 . segments of circles;

5 . complete geometric shapes such as

circles, triangles, rectangles, ovals;



The software executed by the processing

module 200 which performs the shape detection

process applies the following logic:

5 1 . The first step is to locate a portion of

the edge of an object. The software

searches the pixels of the X-ray image

data for a detectable grey level

transition that occurs in the image as a

10 result of the presence of a sharp edge

represented by a well defined grey level

transition. To facilitate the edge

detection process it is possible to

provide the operator console 300 with

15 user interface tools that will allow the

operator to designate in the X-ray image

the general area where the object to be

removed from the X-ray image is located.

In this fashion, the software will start

20 the image analysis in an area of the

image that is known to contain an object

that can be removed. Specifically, the

user interface on the console 300 is

designed such as to display to the

25 operator 130 the X-ray image obtained as

a result of the scanning operation.

Once the image is shown to the operator

130, he or she uses a tool to indicate

where the object to be removed lies.

30 Figure 8 shows an example of such X-ray

image where an object 802 in the form of

an elongated rectangle appears. The

object 802 is likely to be a metallic

handlebar strip that is commonly used in



suitcases to reinforce the suitcase

structure .

The operator 130 first visually

5 identifies the object that he/she wishes

to remove from the image, which in this

particular case is the object 802. The

operator then uses a user interface tool

to designate the object 802 to the

10 software. The tool may be any suitable

user interface tool such as pointer

device such as a mouse or a touch

sensitive feature allowing the operator

130 to touch the screen at the area of

15 interest. When the pointer device is

activated at the location 804, which by

convention is deemed to correspond

generally to the centre of the object

802, the activation will produce location

20 data. The location data identifies an

area in the image where the object 802

resides. The software uses the location

data to select the portion of the image

data to process. The software then scans

25 the X-ray image data until a sharp grey

level gradient is located that

corresponds to an edge of the object 802.

Another possibility is for the operator

30 to designate with the pointing device

specifically the edge 806 of the object

802 that is to be removed. For instance

the operator 130 "clicks" the mouse or

touches the screen with his/her finger at



the location 806 that corresponds to the

edge of the object 802.

Yet another possibility is for the

5 operator to perform the designation by

"drawing" on the image a zone curtailing

the area where the object 802 is located.

For instance the operator 130 can use the

pointing device to draw the line 808

10 (only a portion of the line shown for

clarity) around the object 802.

With any one of the methods described

earlier, the edge detection software

15 receives operator guidance to perform an

image analysis and extract from the image

one or more characterizing features of

the object 802.

20 Figure 23 provides a flowchart that

summarizes the above process. At step

3200 the image of the luggage 104 is

shown on the console 300 of the operator.

At step 3202 the operator uses a suitable

25 user interface tool to designate the area

of the image to be processed. As

indicated earlier, the user interface

tool may be a pointing device, among

others. At step 3204 information about

30 the location in the image where area of

interest resides is located is

communicated to the processing module 200

such that the image analysis can be

performed.



Referring back to figure 8 , the next step

of the process is to track the outline of

the object 802. As the software has

5 identified a portion of the object's

edge, the software logic then starts

tracking that edge. The tracking logic

tracks the sharp grey level gradient in

the image to follow the edge of the

10 object 802.

2 .When the tracking logic has completed the

identification of the object edge, then

the software can outline the object on

15 the screen, as a final "sanity check".

Specifically, the processing module 200

would issue commands to the display such

that the display visually enhances a

portion of the image where the object 802

20 is located. This makes the object more

visible with relation to other objects in

the X-ray image. Examples of image

enhancements include:

25 a . Colouring or otherwise highlighting

the areas of the image that

correspond to the portions where the

edge has been identified;

b . Colouring or otherwise highlighting

30 the object in its entirety;

c . De-emphasising the image except the

areas where the object lies. This

technique does not change the pixels

of the X-ray image in the region of



the object but changes all the

pixels that surround the object

image such as to make the object

more visible.

5

The highlighting process uses the edge

detection data obtained by the edge

detection software as a result of the X-

ray image analysis. The edge detection

10 data defines in the X-ray image the areas

where an edge has been identified. The

highlighting process then uses this

information to manipulate the X-ray image

pixels such that the object stands out

15 with relation to its surroundings .

If the edge identification has been done

correctly the operator 130 would see the

object 802 highlighted. The operator 130

20 can then apply human judgment on the

results. If the edge tracking operation

is correct then the results can be

accepted and the processing allowed to

continue. Otherwise, if the operator 130

25 sees on the screen a highlighted shape

that does not correspond to a particular

object in the image then he/she aborts

the operation.

30 Note that it is not essential to rely on

input by a human operator in order to

perform the object detection analysis in

the image. It is possible to process the

entire X-ray image in order to pick up



geometric shapes of objects therein. In

this case, the amount of data that the

processing module 200 will have to

analyse is larger and the processing

module 200 will need to be designed

accordingly in order to perform the

operation in an acceptable time frame.

(ii) Determining object characterization

features based on nature of object

material .

The image processing operation that is

performed identifies areas displaying

relatively constant attenuation information

which is indicative of an integral object.

Once the area of constant attenuation

information is identified the edge can be

determined to obtain shape information. By

relatively constant is meant that the X-ray

attenuation information varies in a certain

range .

(b) Determining object characterization

features in X-ray data conveying a two or more

views of the piece of luggage .

The image processing operation to identify shapes

or shape components as described earlier can be

performed on each view separately and the results

then subjected a further processing to identify the

type of object that may be present in the suitcase.

This further processing is described below.

3 ) Determine type/nature of object
The information on the shape or shape components as

well as the location of the shapes or shape components



extracted during the previous processing operation are

further processed to try determining what types of

objects may be present in the image. One possibility is

to use a rules engine that tries to match shapes or

shapes components to object types that one is expected

to find in a suitcase.

This process is best illustrated in the flowchart of

Figure 24. Specifically, at step 2500 the data

processing module 200 receives the object

characterization features extracted during the previous

processing step. The object characterization features

include shapes or portions of shapes identified in the

X-ray image and the location of those shapes in the

image. During the processing, the shapes can be

expressed in any convenient way, such as vector

graphics, raster graphics or other.

When the X-ray image data conveys a single view of

the suitcase 800, the processing is two dimensional, in

the sense that the object determination operation will

be done on the basis of an object shape/geometry from

one point of view. In the case of multi view X-ray

image data of the object, the processing takes into

account object shape/geometries in three dimensions.

At step 2502, the processing module 200 generates a

virtual model of the object. The generation of the

virtual model is performed by the software executed by

the processing module 200 which implements a series of

logical rules . The rules use as an input

characterization features or patterns to determine what

the object likely is. The rules can be built in many



different ways from simple logic designed to handle a

limited number of object geometries or object types to a

much more complex logic that can differentiate between

many different object types and geometries.

For example, characterization features such as arcs can

be assumed to indicate the presence of round objects,

like coins in the suitcase or the suitcase wheels.

Straight lines can indicate elongated rectangles such as

the typical components used in the construction of the

suitcase, such as the handlebars.

Therefore, the object characterization features

appearing in the X-ray image constitute the basis on

which the process determines what the object is. This

process may operate by allocating the characterization

features to a number of predetermined types of objects

that may be commonly found in a suitcase. Some

assumptions may be used to make conclusions as to the

nature of the object. Those assumptions are implemented

by a rules engine which processes the characterization

features to try determining what type of object this

might be. For example:

1 . Disk like objects can be coins. Contextual

information can be applied to validate the

assumption. For example, it is known that coins

cannot be larger than say 1.5 inches in diameter

or smaller than .25 inches in diameter.

Therefore, if the disc is in that range of

diameters it might be a coin.

2 . Elongated strip like objects that are shaped as

rectangles and that extend across most of the X-

ray image span are likely to be the telescoping



handlebars most suitcases have. If more than

one of the elongated strips is identified and

all the strips are generally parallel, then the

rules engine concludes that the suitcase has a

pair of handle bars, in other words both strip-

like objects belong to the handlebar.

3 . Objects shaped as continuous looped filaments.

When the object characterization data conveys an

edge shape that is filament like and repeatedly

loops, the rules engine concludes that the

object is likely an electrical cord, such as a

charging module for a laptop, cell phone, etc.

4.Laptop - a large generally rectangular outline

that encompasses a series of other shapes, such

as rectangles or circles can be indicative of a

laptop. Laptops have a series of standardized

components, such as disk drives that would

appear circular, battery packs that would be

generally of elongate rectangular shape and a

series of rectangular small objects that would

be the electronic chips on the board among

others. In such case, when the rules engine

makes the assumption that a laptop is present,

on the basis of a collection of smaller shapes

corresponding to the sub-components of the

laptop computer can logically group the various

components in one compound object that can then

be manipulated electronically as a single

entity.

When the X-ray image data conveys more than one view,

such as two or three views of the suitcase 800, all

those views can be used to build a three dimensional

virtual model of the object. In the instance where



location information is present, which identifies the

position of an object characterization feature in a

given view, it is possible to correlate object

characterization features from several views to object

geometry information about the object in three

dimensions. Taking the example of the coins, if one

view shows the object as a disk and another view shows

the object as relatively thin strip, then the object is

likely a coin. In addition to correlating the object

characterization features from different views, multiple

views also allow to "see" an object of interest from a

perspective that makes it easier to identity. For

example, an object in a suitcase may be oriented in such

a way that it shows a confusing image in a particular

view. Take the example of a small cosmetics bottle.

When seen from the bottom, the bottle is likely to

appear in the X-ray image as a disk-shaped article,

suggesting a coin. From a different view however, the

height dimension will appear significant, allowing

resolving the ambiguity (the object is not a coin) .

Accordingly, the processing performed on X-ray images

that convey more than a single view of the suitcase is

likely to yield better results.

The rules engine operating on single or multiple views

X-ray images may use complex logic rules along with

contextual information (such as for example if a laptop

computer is assumed to be present, then a charging

module should also appear somewhere in the image) . Many

different layers of logic can be integrated in the rules

engine such that in addition to the object

characterization features extracted from the X-ray image

data, inferences can be made based on context to make



reasonable assumptions as to what some objects might be.

Non-limiting examples of contextual information can

include :

1 . Associated objects - the presence of one

object indicates the presence of another

object associated with it, such as:

a . the presence of a laptop computer is

also likely to reveal a charging module

in the X-ray image;

b . The presence of one shoe is likely to

reveal in the X-ray image at least

another shoe;

2 .Type of suitcase - if the suitcase has at

its periphery a pair of disk-like objects,

which are likely to be rollers, handlebars

are likely to be present too in the X-ray

image. Accordingly, if elongated strip-

like objects are identified in the X-ray

image then those objects are likely to be

handlebars in light of the presence of the

rollers. On the other hand, if elongated

strip-like objects are present but no

rollers are found, the elongated strip-like

objects may not be handlebars.

Sub-step 2504 in the flowchart in Figure 24 illustrates

the example discussed earlier, where the object is

allocated to a predetermined object type based on object

characterization features. The processing module 200

tries to allocate the object characterization features

to an object type selected in a predetermined set of

object types. The number of predetermined object types



may vary depending on the specific application. The

processing module may be designed to detect a single

object type or multiple object types, without departing

from the spirit of the invention. The allocation is

performed by implementing the logic rules, as discussed

earlier .

Sub-step 2504 is a conditional step which, if answered

in the negative (no predetermined object type has been

identified) terminates the process at step 2506.

Otherwise, (a predetermined object type has been

identified) leads to step 2508 at which a generic

virtual model of the object is extracted from the

database 28. The virtual model reflects in three

dimensions the shape of the object. One possibility is

to use a library of generic shapes stored in the

database 28. For each type of object that the

processing module 200 is capable to identify in the X-

ray image on the basis of object characterization

features, at least one generic virtual model is stored

in the library of shapes. For instance, in the case of

a laptop computer, the virtual model would be

rectangular block.

The generic virtual model is then customized by the

processing module 200, at step 2510 to fit the shape

observed in the image. This is done by re-sizing the

generic model such as to produce a model that more

closely matches the object as seen in the X-ray image.

The re-sizing can be done according to the information

that is available on the object in the X-ray image. In

the case of a single view image, dimensional information

on the object may be available on two axes. In a multi

view scenario, dimensions of the three axes may be



available. For example, in the case of a laptop in the

luggage, the object characterization features could

allow determining the length and width dimensions of the

laptop, thus allowing resizing the generic model along

those two axes. If the X-ray image is a single view

image, where no height dimension is available, then only

a two dimension resizing is made and the adapted virtual

model retains the height dimension of the generic

virtual model. In the case of multi-view X-ray image

data, then the resizing may be made on all three axes.

Once the type of object is determined and its virtual

model generated, its material properties are assessed at

step 2512. This operation may also involve the database

28. Specifically, the database 28 maps the type of

objects with and indicator that can be used to compute

the degree of X-ray attenuation the object will

manifest. Accordingly, when the rules engine has

identified the type object that exists in the X-ray

image, it performs an interaction with the database 28

in order to determine what the indicator is. Note that

in most applications the indicator does not need to be

extremely precise and may be such as to compute an

approximate degree of X-ray attenuation for the object.

For example, in the case of a laptop computer the

indicator can be such that the computed attenuation

value will be average for a typical laptop computer.

The indicator may not be constant or the same for the

entire object and may be expressed as a pattern, where

the attenuation is not constant across the object. A

pattern, in the case of a roller of a suitcase, would

provide a certain attenuation value for the periphery of

the roller and a different attenuation value for the



center, to account for the presence of the bearing which

is likely to absorb more X-rays due to the presence of

metallic material.

Similarly, in the case of a laptop computer, the

indicator could specify more attenuation in areas of the

machine where more dense components are located, hence

were more X-ray absorption takes place. Yet another

possibility for a laptop computer, instead of treating

the machine as a single unit, it is possible, once the

presence of a laptop computer has been identified in the

image, to consider different components of the laptop

computer and allocate to the different components

respective indicators. For example, a laptop computer

is likely to have a series of components such as a

battery, hard drive, keyboard and electronics board.

The presence of each component in the image can be

identified and an indicator associated to it

independently of another component.

Accordingly, the database 28 is organized such as to map

different objects to an indicator from which can be

derived X-ray attenuation information.

One specific example of indicator is density information

for the object. Since density determines to a

significant extent the X-ray absorption, density

information can be used to compute the X-ray attenuation

due to the object. As indicated previously, the

density information associated with a certain object may

be a constant value, or may convey a density pattern

assigning producing different attenuation levels to

different parts of the object. Another example of an

indicator is a value that provides a direct indication



of the amount or degree of X-ray attenuation the object

provides per unit volume.

4 ) Remove contribution of object in X-ray image data
The purpose of this step, illustrated at Figure 24 as

2514 is to compensate the X-ray image data such as to

remove partially or completely the X-ray signature of

the object into the image. Conceptually, this results

into a full or complete removal of the visual signature

of an object or a component thereof in the image, making

the image clearer and therefore facilitating threat

processing either automatic or performed by a human

operator .

The first sub-step 2516 is to manipulate virtual model

such as to correctly locate that virtual model in the

suitcase environment. More specifically, the processing

module 200 performs rotations of the virtual model or

translations of the virtual model such that it matches

the position of the real object in the suitcase. The

manipulations on the virtual model are made with

relation to the characterizing features seen in the X-

ray image. Generally, the processing module would

manipulate the virtual model in three dimensions such

that it would appear to an observer that looks at the

suitcase from the point of view of the X-ray source, to

overlay the object shown in the X-ray image.

This operation may require constructing a virtual model

of the entire scanning area of the X-ray scanner in

which a virtual model of the suitcase is also created.

The virtual model of the scanning area usually would

need to be generated once and can be re-used for

subsequent scanning cycles since the X-ray scanner 100

does not change, hence the virtual model would be also



static. The model includes the three dimensional

position of a number of different components, such as:

The three-dimensional position of the X-ray

source. For simplicity, the X-ray source

can be expressed in the model as a single

point characterized by a set of three-

dimensional coordinates;

> The position of the various detectors, each

detector described as a single point entity

characterized by a set of three dimensional

coordinates ;

The position of the belt, described as a

surface;

Once the orientation of the virtual model of the object

relative to the virtual model of the scanning area is

determined, it is possible to compute an approximation of

the attenuation that the object would manifest in the

image (sub-step 2518). Since the a priori X-ray

attenuation information is available from the database 28,

it is possible to compute the attenuation the object would

manifest given its orientation. The degree of X-ray

attenuation is determined largely by the nature of the

material and the so called "path length" which is the

thickness of the material through which the X-rays travel.

The path length is a factor that depends on the

orientation of the object in the scanning area. An object

that is thin and flat will attenuate the X-rays

differently, depending upon its position with respect to

the X-ray source. If the object is located such that it

is generally perpendicular to the direction according to

which the X-ray source generates X-rays, the thickness of

the material that the X-rays pass through is small by



comparison to another orientation in which the X-rays

travel through the object in a direction parallel to the

plane of the object.

An example of scanning area modelisation is described in

the Canadian patent application 2,696,031, filed on 2009-

06-09 and entitled "Method and system for performing X-ray

inspection of a product at a security checkpoint using

simulation". The contents of this patent application are

hereby incorporated by reference.

However, in light of the fact that the orientation of the

virtual model in the scanning area has been established

such as to mach the orientation of the real object, to the

processing module 200 geometrically computes the path

length through the virtual model at different locations on

the object. For example, in the case of any object, the

path length will be the distance separating two

interception points between an imaginary straight line

along which an X-ray travels and the boundary of the

object. Essentially, the first interception point is the

point at which the X-ray enters the virtual model. The

second interception point is the point at which the X-ray

exits the virtual model. The distance between those

points is the path length for that particular X-ray.

The above process can be repeated a number of times to

compute the path length at different areas of the object

such as to more precisely determine the X-ray attenuation

pattern obtained in light of the particular object

orientation.

In this example, the processing module uses a priori

information about interaction between X-rays and the



object, available in the database 28. The resulting X-ray

attenuation information that is generated is synthetic

information in the sense that it is not extracted directly

from the image, rather it is computed by simulating how

the object would interact with X-rays.

The removal of the X-ray attenuation that the real object

manifests in the image is done by compensating the X-ray

image data by using the synthetic attenuation information

computed earlier. This is shown at step 252 0 . Assuming

that the X-ray image data expresses attenuation

information as gray levels, the compensation can be done

by modifying the grey levels of the in the boundary of the

object according to the attenuation pattern computed

earlier in order to produce a compensated image that will

show a lesser degree of attenuation within that boundary.

Specifically, the compensation includes computing new

attenuation values for each pixel within the boundary of

the object, where the new attenuation value is the

difference between the attenuation value of the original

pixel reduced by the computed attenuation value caused by

the object at that pixel location. The result of this

operation is a compensated X-ray image in which the object

has been "erased". A complete erasure would occur if the

computed attenuation matches precisely the real X-ray

signature in the X-ray image data. While this is a

desired objective, in most cases it is not necessary to

fully "erase" an object. It may be sufficient to

compensate the image up to an extent that other objects,

previously obscured, are now sufficiently detailed

allowing performing an adequate threat assessment of the

suitcase .



Accordingly, applications of the invention are possible in

which it is not necessary to implement the path length

computation described earlier. It may suffice to assign

to the virtual model a constant attenuation value,

irrespective of its orientation, such as to compensate the

X-ray image data to some extent and thus improve its

clarity. In this example, the pixels within the boundary

of the object will be compensated uniformly.

Figures 10 to 13 illustrate a specific example of

implementation where an X-ray image of a suitcase is

processed to obtain a compensated X-ray image in which the

handlebars are effectively removed from the image.

In Figure 10, the X-ray image of the suitcase shows

clearly two handlebars 1000 and 1002 that are clearly

visible as two generally parallel elongated rectangular

strips. The processing of the X-ray image data is

performed and the processing identifies the objects as the

handlebars .

More specifically, the handlebars are composite

structures, which appear in the X-ray image as nested

rectangles, namely 1000a, 1000b and 1000c, where each

rectangle is associated with a telescoping part of the

handlebar. The handlebar 1002 is constructed in a similar

fashion. The detection process as discussed earlier

identifies each handlebar component separately and builds

for each component an associated virtual model. The

virtual models 1004a, 1004b and 1004c are associated with

the components 1000a, 1000b and 1000c, respectively. The

virtual models 1004a, 1004b and 1004c are then manipulated

by the processing entity 200 such as to locate them one

relative to the other as per the positioning of the



original objects 1000a, 1000b and 1000c. The result of

the manipulation of the virtual models 1004a, 1004b and

1004c is shown at 1008, where the models are nested

according to the position of the original objects 1000a,

1000b and 1000c in the suitcase.

Figure 13 illustrates the compensated X-ray image in which

the handlebars 1000 and 1002 are almost no longer visible.

The image compensation is such, however that other objects

in the image that were overlapping with the handlebars,

are now more clearly visible.

In this example, the X-ray image compensation process is

such that the computed degree of attenuation associated

with a handlebar 1000, 1002 is not uniform, rather it

varies to take into account the increased attenuation due

to the telescoping arrangement of the components 1000a,

1000b and 1000c. In this instance a first degree of

attenuation is associated to the portion 1010, a second

higher degree of attenuation is associated to the portion

1012 and a third even higher degree of attenuation is

associated with the portion 1004 where the three

components overlap. The virtual model of the handlebar

takes into account the compounding X-ray attenuation

effect due to the various components of the model.

According to this arrangement, the zone of the X-ray image

that is associated with the portion 1010 is compensated to

a first degree, the zone of the image that is associated

with the portion 1012 is compensated to a second higher

degree and the zone of the image that is associated with

the portion 1014 is compensated to a third yet higher

degree. This example illustrates the possibility of

providing virtual models of objects that are not merely

made of uniform blocks, but represent the object by



modeling independently respective components. In this

situation, the handlebar is represented by a virtual model

that has individual components which can be manipulated

independently of one another by the processing module 200.

Yet another example of implementation is shown at Figures

14, 15 and 16. In this example, a suitcase 1400 is

scanned with the X-ray scanner 100 which produces the X-

ray data rendering the image at Figure 14. The suitcase

1400 contains a laptop computer 1402. The image is

processes as discussed earlier in order to "remove" as

much as possible the laptop computer 1402. The removal

proceeds in phases. The processing identifies individual

components of the laptop computer 1402, on the basis of

their shape, and compensates the X-ray image data

accordingly. A first compensation yields the compensated

image shown at Figure 15. In that image, a component

1404 of the laptop computer which can be the battery

thereof or a bank of computer chips has been identified as

such and almost completely "erased" from the image. The

reference numeral 1406 in Figure 15 identifies the

location of the component 1404 and shows other elements,

overlapping in the suitcase with the component 1404, much

more clearly visible in the compensated image. Figure 16

shows a further compensated X-ray image in which the

laptop computer is no longer visible.

A significant advantage of this example is the ability to

process luggage that contains electronic devices such as

laptop computers, cell phones without the necessity to

remove the electronic devices from the luggage. A person

carrying such luggage at a security checkpoint would

therefore simply put the luggage on the conveyor belt such

that the luggage is scanned. The resulting X-ray image is



processed as described earlier, with compensation

implemented progressively until the clarity of the image

improves to the point the operator is confident that the

suitcase does not contain prohibited objects.

One example of a prohibited object which can be more

easily detected with the present invention is sheet

explosives. Explosive materials can be formed as thin

sheets and those can be integrated in electronic devices,

such as laptop computers. The ability of the present

method to "remove" from the X-ray image components of the

laptop computer that are known and expected to be found,

would therefore leave the sheet explosive visible.

Figure 25 is a block diagram of a user interface that

allows the operator to control the X-ray image

compensation process performed by the processing module

200 and how the compensated X-ray image is presented.

The user interface is preferably a GUI (Graphical User

Interface) that provides the operator with controls

allowing communicating with the processing module 200 in

order to control the X-ray image compensation process such

as to fine tune it in a way that better suits the

preferences of the operator.

Figure 25 illustrates the display associated with X-ray

scanner 10 and could be integrated with the console 300 or

at the security station 500. The display 2600 is

connected to the processing module 200 to receive the X-

ray image signal for display in a display area 2602. In

use, the display area would be displaying the X-ray images

of the luggage that is scanned by the X-ray scanner 10.

Below the display area 2602 is provided a control area

2604 in which are provided a series of GUI tools allowing



the operator to issue commands to the processing module

200. In the example shown, the GUI tools are operated by

touch, in other words, the operator touches virtual

buttons on the screen. The touch is detected by the

display device 2600 and a control signal is sent to the

processing module 200. Alternatively, the GUI tools can

be operated via a pointing device, or voice recognition.

Another possibility is to use tools that are independent

of the display 2600, such as dedicated keys on a keyboard.

In the specific example shown, the user interface tools

provide three types of functions. A first virtual button

2606 is provided to allow the operator to toggle the X-ray

image between a compensated and a non-compensated view.

The non-compensated view would be the original X-ray view

in which the attenuation information due to the object is

present. The compensated view is derived from the

processing of the X-ray image information to produce an X-

ray image from which some of all of the attenuation

information due to the object has been removed. The

toggle function may be useful for the operator to

determine which image is best to assess if the suitcase

contains dangerous items. Since the X-ray compensation

process removes information from the image, circumstances

may arise when the resulting image is not clearer or more

desirable than the original image. Thus, by toggling

between the two images, the operator may determine which

one is best for the visual threat assessment process.

To toggle the X-ray image in response to the actuation of

the tool 2606, the processing module 200 keeps in the

memory 302 X-ray image data of each representation (non¬

compensated and compensated) and sends image signals



according to what the operator wants to see, as indicated

by the tool 2606.

A second virtual button 2608 is provided to increase the

degree of X-ray compensation in the image. This may be

useful in instances where the operator sees that the

degree of X-ray compensation is not enough and more

compensation would be desirable to further remove or

diminish the visual presence of the object in the image.

The processing module responds to a control signal

received from the display 2600 by re-processing the X-ray

image, this time applying more compensation within the

boundaries of the object. One specific possibility is to

run the compensation process but modifying the X-ray

attenuation indicator associated with the object, such

that a higher degree of X-ray attenuation is attributed to

the object. The tool may be designed such that each time

the virtual button 2608 is pressed, an incremental

compensation run is performed by the processing module

200, to add an additional level of compensation. In this

fashion, when the X-ray image appears in the display area

2602, it is provided with a base level of compensation and

the operator increases the compensation incrementally by

pressing on the virtual button 2608 the desired number of

times to make the image as clear as possible for the

visual threat examination.

The third virtual button 2610 is the reverse of the

virtual button 2608 in that it decreases incrementally the

X-ray compensation in the image in the boundary of the

object .

Another possible tool which may be provided to the

operator is a depiction of the boundary of the object in



the image in the display area 2602. This boundary can be

presented in colors or in a manner to make it more

visually distinct from other articles in the image and it

is useful to show the operator where the object on the

basis of which the compensation was made, resides in

relation the remainder of the suitcase contents. This

operation is performed by the processing module 200 on the

basis of the virtual model of the object generated during

the X-compensation operation. The processing module 200

performs additional processing that superposes the outline

of the virtual model over the characterizing features of

the object appearing in the X-ray image to produce a

composite image that is then shown in the display area

2602. This provides the operator with the ability to

visually determine if the object removal operation from

the image is sound. If the boundary depicted in the image

does not make sense, indicating that the processing module

200 has performed an erroneous operation, then the

operator can toggle via the virtual button 2606 to the

non-compensated view to perform the visual threat

assessment operation.

Although various embodiments have been illustrated,

this was for the purpose of describing, but not limiting,

the invention. 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 .



CLAIMS;

1 ) A method for assessing a threat status of a piece of

luggage, comprising the steps of:

a ) scanning the piece of luggage with penetrating

radiation to generate image data;

b ) process the image data with a computing device

programmed with software for execution by a CPU, for:

i ) detecting an object represented by the image

data;

ii) compensating the image data for interaction

between the object and the penetrating radiation

to produce compensated image data;

iii) determine the threat status of the piece of

luggage on the basis of the compensated image

data .

2 ) A method as defined in claim 1 , wherein the penetrating

radiation includes X-rays.

3 ) A method as defined in claim 2 , wherein the scanning

includes subjecting the piece of luggage to X-rays

generated by a single view X-ray scanner.

4 ) A method as defined in claim 2 , wherein the scanning

includes subjecting the piece of luggage to X-rays

generated by a multi-view X-ray scanner.

5 ) A method as defined in claim 2 , wherein the processing

of the image data to determine the threat status

includes displaying an image of the piece of luggage

derived from the compensated X-ray image data on a

display device.



6 ) A method as defined in claim 2 , wherein the image data

conveys X-ray attenuation information.

7 ) A method as defined in claim 6 , wherein the compensating

includes reducing the X-ray attenuation values over an

area in the image that corresponds to the location of

the object.

8 ) A method as defined in claim 7 , wherein the detecting

includes identifying object characterization features in

the X-ray image data.

9 ) A method as defined in claim 8 , including processing the

object characterization features to derive object

attenuation information.

10) A method as defined in claim 9 , including

compensating the X-ray image data on the basis of the

object attenuation information.

11) A method as defined in claim 10, wherein the

compensating includes reducing the X-ray attenuation

values in a non-uniform fashion over an area in the

image that corresponds to the location of the object.

12) A method as defined in claim 2 , wherein the

compensating including extracting from a database a

priori information about interaction between X-rays and

the object.

13) A method as defined in claim 12, includes

compensating the image data on the basis of the a priori

information.



14) A method as defined in claim 2 , including generating

synthetic X-ray attenuation information in connection

with the object and compensating the image data on the

basis of the synthetic X-ray attenuation information.

15) A method as defined in claim 14, including generating

a virtual model of the object.

16) A method as defined in claim 15, including processing

the virtual model to determine the synthetic X-ray

attenuation information.

17) A system for assessing a threat status of a piece of

luggage, comprising:

a ) a scanner for scanning the piece of luggage with

penetrating radiation to generate image data;

b ) a computing device including an input for receiving

the image data, the computing device being programmed

with software for execution by a CPU to process the

image data, for:

i ) detecting one or more objects represented by

the image data;

ii) compensating the image data for interaction

between the object and the penetrating radiation

to produce compensated image data;

c ) a display for displaying an image of the piece of

luggage on the basis of the compensated image data.

18) A system as defined in claim 17, wherein the

penetrating radiation includes X-rays.

19) A system as defined in claim 18, wherein the scanner

is a single view X-rays scanner.



20) A system as defined in claim 18, wherein the scanner

is a multi-view X-ray scanner.

21) A system as defined in claim 18, wherein the image

data conveys X-ray attenuation information.

22) A system as defined in claim 18, wherein the

compensating includes reducing the X-ray attenuation

values over an area in the image that corresponds to the

location of the object.

23) A system as defined in claim 22, wherein the

detecting includes identifying object characterization

features from the X-ray image data.

24) A system as defined in claim 23, wherein the

computing device processes the object characterization

features to compute X-ray attenuation information

representative of an interaction between X-rays and the

object.

25) A system as defined in claim 24, wherein the

computing device compensates the X-ray image data on the

basis of the computed X-ray attenuation information.

26) A method as defined in claim 18, wherein the

compensating includes reducing the X-ray attenuation

values in a non-uniform fashion over an area in the

image that corresponds to the location of the object.

27) A system as defined in claim 18, wherein the

computing device extracts from a database a priori

information about interaction between X-rays and the

object .



28) A system as defined in claim 27, wherein the

computing device compensates the image data on the basis

of the a priori information.

29) A system as defined in claim 18, wherein the

computing device generates synthetic X-ray attenuation

information in connection with the object and

compensates the image data on the basis of the synthetic

X-ray attenuation information.

30) A system as defined in claim 29, wherein the

computing devices generates a virtual model of the

object .

31) A system as defined in claim 30, wherein the

computing device processes the virtual model to

determine the synthetic X-ray attenuation information.

32) A method for assessing a threat status of a piece of

luggage that contains an object, comprising the steps

of:

a ) scanning the piece of luggage with X-rays to generate

image data;

b ) providing a computing device programmed with software

for execution by a CPU, for:

(1) simulating an interaction between the

object and X-rays to compute X-rays attenuation

information;

ii) process the X-ray attenuation information to

reduce a signature of the object in the image data

and generate compensated image data;



iii) determine the threat status of the piece of

luggage on the basis of the compensated image

data .

33) A method as defined in claim 32, including displaying

an image of the piece of luggage on a display device

derived from the compensated image data.

34) A system for assessing a threat status of a piece of

luggage that contains an object, comprising:

a ) an X-ray scanner for scanning the piece of luggage

with X-rays to generate image data;

b ) a computing device programmed with software for

execution by a CPU, for:

(1) simulating an interaction between the

object and X-rays to compute X-rays attenuation

information;

ii) process the X-ray attenuation information to

reduce a signature of the object in the image data

and generate compensated image data;

c ) a display device displaying an image of the piece of

luggage on a display device derived from the

compensated image data.

35) A method for assessing a threat status of a piece of

luggage containing a laptop computer, comprising the

steps of:

a ) scanning the piece of luggage with penetrating

radiation to generate image data;

b ) process the image data with a computing device

programmed with software for execution by a CPU,

for:

i ) identifying a portion of the image that conveys

information about attenuation of X-rays due to



interaction between the X-rays and the laptop

computer;

ii) reduce a visual signature if the interaction in

the identified portion of the image to produce

compensated image data;

iii) determining the threat status of the piece of

luggage at least in part on the basis of the

compensated image data.

36) A method for visually enhancing an X-ray image to

increase the likelihood of visually detecting the

presence of explosive material hidden in an electronic

device, the method comprising:

a ) scanning a piece of luggage containing an electronic

device with X-rays to generate X-ray image data;

b ) process the X-ray image data with a computing device

to:

i ) identify a portion of the X-ray image that

conveys information about attenuation of X-rays

due to interaction between the X-rays and the

electronic device and in the event the electronic

device contains explosive material attenuation

information due to interaction between X-rays and

the explosive material;

ii) compensate the X-ray image data to reduce the

contribution to the attenuation information within

the portion due to the interaction between the

electronic device and the X-rays;

c ) displaying an image of the piece of luggage derived

from the compensated X-ray image data.

37) A system for visually enhancing an X-ray image to

increase the likelihood of visually detecting the

presence of explosive material hidden in an electronic



device, the system comprising a computing device

programmed with software for execution by a CPU, the

computing device having:

a ) an input for receiving X-ray image data of the piece

of luggage containing an electronic device, the

computing device processing the X-ray image data with

the software for;

i ) identifying a portion of the X-ray image that

conveys information about attenuation of X-rays

due to interaction between the X-rays and the

electronic device and in the event the electronic

device contains explosive material attenuation

information due to interaction between X-rays and

the explosive material;

ii) compensating the X-ray image data to reduce the

contribution to the attenuation information within

the portion due to the interaction between the

electronic device and the X-rays and produce

compensated X-ray image data;

b ) an output to release the compensated X-ray image

data.

38) A system for assessing a threat status of a piece of

luggage that contains an object, comprising:

a ) an X-ray scanner for scanning the piece of luggage

with X-rays to generate X-ray image data;

b ) a computing device programmed with software for

execution by a CPU, for processing the X-ray image

data to reduce a signature of the object in the X-ray

image data and produce a compensated X-ray image

data;

c ) a display device for displaying an image of the piece

of luggage derived from the compensated X-ray image

data;



d ) the computing device implementing a user interface

including a control, the computing device being

responsive to actuation of the control to alter a

degree of object signature reduction in the X-ray

image .

39) A system as defined in claim 38, wherein the

computing device is responsive to actuation of the

control to increase a degree of signature reduction in

the X-ray image and the display device displaying an

image of the piece of luggage derived from the X-ray

image data compensated by the increased degree of

signature reduction in the X-ray image.

40) A system as defined in claim 38, wherein the

computing device is responsive to actuation of the

control to decrease a degree of signature reduction in

the X-ray image and the display device displaying an

image of the piece of luggage derived from the X-ray

image data compensated by the decreased degree of

signature reduction in the X-ray image.

41) A system for assessing a threat status of a piece of

luggage that contains an object, comprising:

a ) an X-ray scanner for scanning the piece of luggage

with X-rays to generate X-ray image data;

b ) a computing device programmed with software for

execution by a CPU, for processing the X-ray image

data to reduce a signature of the object in the X-ray

image data and produce a compensated X-ray image

data;

c ) a display device for displaying an image of the piece

of luggage derived from the compensated X-ray image

data;



d ) the computing device implementing a user interface

including a control, the computing device being

responsive to actuation of the control to toggle the

display device between a first mode and a second

mode, the first mode and the second mode deferring by

a degree of object signature reduction.

42) A system for assessing a threat status of a piece of

luggage that contains an object, comprising:

a ) an X-ray scanner for scanning the piece of luggage

with X-rays to generate X-ray image data;

b ) a computing device programmed with software for

execution by a CPU, for:

i ) processing the X-ray image data to reduce a

signature of the object in the X-ray image data

and produce a compensated X-ray image data;

ii) generate a composite image signal derived from

the compensated X-ray image data including an

overlay to illustrate a position of the object.

c ) a display device for displaying an image of the piece

of luggage derived from the composite image signal.

43) A system for assessing a threat status of a piece of

luggage that contains an object, comprising:

a ) an X-ray scanner for scanning the piece of luggage

with X-rays to generate X-ray image data;

b ) a computing device programmed with software for

execution by a CPU, for processing the X-ray image

data to reduce a visual presence of the object;

c ) the computing device implementing a user interface

including a control operable by a user to designate a

location in the X-ray image where the object resides,

the computing device being responsive to the control

to processing the X-ray image data to reduce visual



presence of the object at the location and generate

compensated X-ray image data;

a display device for displaying an image of the piece

of luggage derived from the compensated X-ray image

data.
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