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SYSTEM AND METHOD FOR MULTI-SCANNER X-RAY INSPECTION

This application claims priority to U.S. Provisional Patent Application No. 61/444,541,

filed February 18, 201 1, the contents of which are incorporated herein by reference.

Description

Technical Field

[0001] Systems and methods consistent with the present invention are directed generally to

systems and methods for x-ray inspection, and more particularly to systems and methods for

multi-scanner x-ray inspection.

Background

[0002] Various x-ray scanning systems can be used for baggage inspection, for example, at an

airport or a train station, to detect the presence of explosives and other prohibited items in

baggage or luggage. X-ray scanning systems are capable of measuring one or more parameters

that can be used to characterize a scanned material, such as an absorption coefficient or an

effective atomic number. For example, and without limitation, explosive materials can be

detected based on the fact that their detected absorption coefficient and/or effective atomic

number are differentiable from those of other items typically found in baggage.

[0003] A common step towards detecting explosive materials in an item is to expose the item

to x-rays and to measure the amount of radiation absorbed by the item. An x-ray scanning

system can contain a radiation source that is configured to emit x-ray radiation towards the item

under inspection, and a detector on the opposite side of the item to detect the x-ray radiation that

is not completely absorbed by the item. Based on different acquisition schemes, various sets of

projection data can be acquired, from which one can derive one or more material-specific

parameters.

[0004] For example, in a computed tomography (CT) system, the source and detector are

conventionally arranged in a rotating manner and multiple sets of projection data can be

collected at various projection angles. An absorption coefficient map of the item can be

reconstructed based on the sets of projection data. Explosive materials can then be detected by

comparing the absorption coefficients in the set of acquired data with known absorption

coefficients of explosive materials.



[0005] As another example, in a multi-energy x-ray system, the source can emit x-ray

radiation over a continuous spectrum of energies, and the detector can measure multiple sets of

projection data at multiple energy ranges within that continuous spectrum, such as a first set of

projection data at a first energy range within that continuous spectrum, a second set of projection

data at a second energy range within that continuous spectrum, etc. Based on the collected

projection data, an effective atomic number map (also known as a "Z image") of the materials

can be calculated. Explosives can be detected by determining if any region in the Z image has

effective atomic numbers falling into one or more ranges associated with explosives. However,

relying on a CT scanner or a multi-energy x-ray scanner alone, false alarms can occur at a high

rate, especially when the scans are taken at a fast speed and/or the explosive material is under or

inside some other materials.

[0006] The quality of conventional scanning systems, including multi-scanner systems, can be

limited by the amount of unknown information about the item being scanned. A common

unknown variable simply relates to the random nature by which material can be placed together

in an item being scanned, especially when multiple objects overlap with each other along the

travel path of the x-ray. By way of example only, an explosive material may exhibit a

significantly lower effective atomic number than metals. If such an explosive object is behind a

metal object along the projection path of a multi-energy single view scanner, the calculated

effective atomic number of these two objects combined can mimic the effective atomic number

of a non-explosive, or non-prohibited, item. As a result, the explosive can be missed by

conventional inspection system.

Summary

[0007] In one aspect, the present disclosure is directed to a method of analyzing a target

item utilizing multiple scanners. The method can include providing an item comprising a

material. The method can further include acquiring a first set of scan data associated with the

item using a first scanner, and acquiring a second set of scan data associated with the item using

a second scanner. The method can further include generating a first set of transform data from

the first set of scan data, analyzing the first set of transform data to identify a subset of the first

set of transform data associated with a first region, and analyzing the second set of scan data to

identify a subset of the second set of scan data associated with a second region. The method can

also include generating a measure that at least a portion of scan data is consistent with a

presence of a candidate material in the item, where the portion of scan data is selected from at



least one of the set consisting of: the subset of the first set of transform data and the subset of

the second set of scan data.

[0008] In another aspect, the present disclosure is directed to a system configured to

analyze a target item utilizing multiple scanners. The system can include a conveyor configured

to provide an item to a first scanner and a second scanner. The item can comprise a material.

The first scanner can be configured to acquire a first set of scan data associated with the item,

and the second scanner can be configured to acquire a second set of scan data associated with

the item. The system can further include a transform calculator configured to generate a first set

of transform data from the first set of scan data. The system can further include a region data

classifier configured to identify a subset of the first set of transform data associated with a first

region and to identify a subset of the second set of scan data associated with a second region.

The system can also include a candidate material calculator configured to generate a measure

that at least a portion of scan data is consistent with a presence of a candidate material in the

item, where the portion of scan data is selected from at least one of the set consisting of: the

subset of the first set of transform data and the subset of the second set of scan data.

[0009] In yet another aspect, the present disclosure is directed to a computer-readable

medium comprising instructions stored thereon. The instructions can cause a computer to

perform a method of analyzing a target item utilizing multiple scanners. The method can

include receiving a first set of scan data associated with an item and receiving a second set of

scan data associated with the item. The item can comprise a material. The first set of scan data

can be acquired by a first scanner, and the second set of scan data can be acquired by a second

scanner. The method can further include generating a first set of transform data from the first

set of scan data, analyzing the first set of transform data to identify a subset of the first set of

transform data associated with a first region, and analyzing the second set of scan data to

identify a subset of the second set of scan data associated with a second region. The method can

also include generating a measure that at least a portion of scan data is consistent with a

presence of a candidate material in the item, where the portion of scan data is selected from at

least one of the set consisting of: the subset of the first set of transform data and the subset of

the second set of scan data.

Brief Description of the Drawings

[0010] FIG. 1 is a schematic diagram of an inspection system consistent with an

exemplary embodiment of the present invention;



[0011] FIG. 2 is a schematic diagram of a data processing system, consistent with the

exemplary disclosed embodiment shown in FIG. 1;

[0012] FIG. 3 is a schematic diagram of an exemplary item under inspection;

[0013] FIG. 4 is a schematic diagram of a three-dimensional CT image of a portion of

the exemplary item shown in FIG. 3;

[0014] FIG. 5 is a schematic diagram of a two-dimensional projection image of a portion

of the exemplary item shown in FIG. 3;

[0015] FIG. 6 is a flow chart of a first exemplary process of analyzing a target item

utilizing multiple scanners, consistent with the present invention;

[0016] FIG. 7 is a flow chart of a second exemplary process of analyzing a target item

utilizing multiple scanners, consistent with the present invention;

[0017] FIG. 8 is a flow chart of a first exemplary process of identifying probable

material in a second region of the item, consistent with Step 608 shown in FIG. 6 and Step 712

shown in FIG. 7;

[0018] FIG. 9 is a schematic diagram illustrating the first exemplary process of

identifying probable material, consistent with FIG. 8;

[0019] FIG. 10 is a flow chart of a secondary exemplary process of identifying probable

material in a second region of the item, consistent with Step 608 shown in FIG. 6 and Step 712

shown in FIG. 7;

[0020] FIG. 11 is a schematic diagram illustrating the second exemplary process of

identifying probable material, consistent with FIGS. 10 and 12; and

[0021] FIG. 12 is a flow chart of a further secondary exemplary process of identifying

probable material in a second region of the item, consistent with Step 608 shown in FIG. 6 and

Step 712 shown in FIG. 7.

Detailed Description

[0022] FIG. 1 is a schematic diagram of an inspection system 100 according to an

exemplary embodiment of the present disclosure. Inspection system 100 can be configured to

inspect an item 10 and detect any material or object of interest contained in item 10. For

example, item 10 can be a container, crate, bag, box, or item of luggage. Item 10 can be any

item that is to be transported by an airplane, sea vessel, train, or other mode of conveyance or

into or within infrastructure, which can contain a plurality of objects such as clothes, shoes,

electronic devices, books, etc. An item 10 also can contain an object of interest, such as a



weapon, e.g. a gun or knife, incendiaries, narcotics, or explosives, such as, but not limited to a

bomb, improvised explosive device, liquid explosive material, plastic explosives, and the like. In

one embodiment, inspection system 100 can be employed at a security check point for checked

baggage or carry-on baggage at an airport to detect these prohibited objects of interest or

materials in item 10. However, it is contemplated that inspection system 100 can be employed

to detect any object of interest or material in any item capable of being scanned.

[0023] Inspection system 100 can include a conveyor 110, a CT scanner 120, a scanner

130, and a data processing system 140 coupled to scanners 120 and 130. Conveyor 110 can

include belts for supporting item 10 and one or more motors that drive the belts. The belts can

rotate intermittently or continuously to convey or provide item 10 from a loading area through a

central aperture of CT scanner 120 and scanner 130. Conveyor 110 is illustrated as including a

plurality of individual conveyor sections in FIG. 1; however, it is contemplated that other forms

of conveyors can be used.

[0024] Any suitable CT scanner can be used. For example, the CT scanner 120 can

include a cone beam, such as a three-dimensional cone beam. CT scanner 120 can include,

among other things, an x-ray source 121 and an x-ray detector 122 secured to diametrically

opposite sides of an annular-shaped platform or disk. The disk can be rotatably mounted within

a gantry support so that in operation the disk continuously rotates about a rotation axis while x-

rays pass from the source through item 10 positioned within the aperture of CT scanner 120. X-

ray source 121 can generate a cone shaped beam (known as a "cone beam") of x-rays that

emanates from the focal spot, and passes through a volumetric imaging field x-ray detector 122

can include a two-dimensional array of detectors disposed on a circular arc having a center of

curvature at the focal spot of x-ray source 121. As conveyor 110 continuously transports item

10 through the aperture of CT scanner 120, the disk rotates about its rotation axis, thereby

moving x-ray source 121 and x-ray detector 122 in circular trajectories about item 10.

Accordingly, a plurality of projection views of item 10 at different projection angles can be

generated and a corresponding plurality of sets of two-dimensional projection data can be

acquired by x-ray detector 122. Since the x-rays are partially attenuated by all the mass in their

path, the projection data acquired by x-ray detector 122 are representative of the absorption

coefficients of all the objects disposed in the volumetric imaging field between x-ray source 121

and x-ray detector 122.

[0025] Consistent with other embodiments, the CT scanner 120 also can employ a

stationary gantry, whose position remains fixed during data collection. The stationary gantry



can have a plurality of x-ray sources and detectors mounted at various positions along the arc of

the gantry. These x-ray sources can be electronically steered to generate substantially circular x-

ray beams comparable to those generated by a rotating x-ray source. In some embodiments,

each x-ray source on the stationary gantry can be activated in a sequential manner, so that one

projection view of item 10 is generated each time. In some other embodiments, multiple x-ray

sources can be active at the same time, generating multiple projection views of item 10.

[0026] Consistent with one embodiment, scanner 130 can be a multi-energy line scanner.

Measuring x-ray absorptions at more than one energy value can provide additional information

about a material's characteristics, beyond the absorption coefficient of the material. For example,

when scanner 130 is a dual energy scanner, two sets of projection data can be collected, which

can be used to determine an effective atomic number and/or an electron density of the material.

[0027] Scanner 130 can include, among other things, a point x-ray source 131 and a

linear x-ray detector 132. Point x-ray source 131 and linear x-ray detector 132 can be mounted,

stationary, on opposite sides of the aperture through which item 10 is conveyed. Although Fig.

1 shows the aperture in a circular shape, it is contemplated that the aperture can be of any other

suitable shape, such as, for example, a square shape or an oval shape. Point x-ray source 131

can generate a fan beam x-ray radiation over a fan shaped two-dimensional cross-section

through which item 10 passes. The energy associated with the x-ray beam can travel along a

direction perpendicular to the cross-sectional curved surface determined by point x-ray source

131 to the plane defined by linear x-ray detector 132. As used herein, the radiation data

acquired by linear x-ray detector 132 is referred to as "projection data," and the perspective

defined by the uniform cross-section intersecting with the scanned item is referred to as a

"projection perspective." X-ray beams are generated over a continuous range of energies, and

can be generated by multiple x-ray sources or by a single source that operates in a switched

manner. The x-ray beams can pass through and be partially attenuated by item 10 and by the

objects of interest and then received by the linear x-ray detector 132. During each scan, linear x-

ray detector 132 collects multiple sets of projection data representative of the integral of

absorption coefficients of the volumetric segment of item 10 through which the x-ray beams

pass. Each measurement of projection data forms a raster line of a two-dimensional projection

image. As item 10 passes through scanner 130, a two-dimensional projection image can be

formed for each energy level from the two-dimensional projection data acquired at that energy

value.



[0028] Although FIG. 1 shows that CT scanner 120 is positioned in front of scanner 130,

the order of the two scanners can be reversed. Although FIG. 1 shows that point x-ray source

131 is mounted on the upper side and linear x-ray detector 132 is mounted on the bottom side,

the positions of the sources and corresponding detectors can be switched. Furthermore, although

FIG. 1 shows CT scanner 120 and scanner 130 as two separate scanning subsystems mounted on

two separate platforms, the two scanners can be integrated as one scanner, i.e., a multi-energy

CT scanner. Further still, although FIG. 1 depicts a one-to-one relationship between x-ray

detectors and sources (i.e., two sources and two detectors), systems can be implemented with

any number of movable or rotatable sources and/or detectors in a one-to-many or many-to-one

relationship to illuminate item 10, as, for example, contemplated in U.S. Patent No. 6,453,003,

herein incorporated by reference.

[0029] In one embodiment, both x-ray detector 122 and linear x-ray detector 132 can be

coupled with data processing system 140 via, for example, one or more data transmission lines.

The multi-angle projection data acquired by CT scanner 120 and the multi-energy projection

data acquired by scanner 130 can be transferred to data processing system 140 via the data

transmission lines. In another embodiment, the projection data also can be transferred wirelessly

to data processing system 140.

[0030] Data processing system 140 can include one or more computer assemblies

configured to detect an object of interest or a material, such as an explosive material, in item 10,

based on scan data received from CT scanner 120 and scanner 130. Data processing system 140

can be associated with one or more software applications, including, for example, an image

analysis and/or reconstruction tool and a material classification tool. These software

applications can be stored on data processing system 140, and can be accessed by an authorized

user, such as an operator at a customs, ports and borders control, or airport. The software

applications also can be stored on a computer readable medium, such as a hard drive, computer

disk, CD- ROM, or any other suitable medium.

[0031] FIG. 2 is a schematic diagram of data processing system 140. Data processing

system 140 can include a processor 241, a memory module 242, a scanner control interface 243,

a storage device 244, an input/output interface 245, and a display device 246. A data processing

system can include additional, fewer, and/or different components than those listed above. The

type and number of listed devices are exemplary only and not intended to be limiting.

[0032] Processor 241 can be a central processing unit ("CPU") or a graphic processing

unit ("GPU")- Processor 241 can execute sequences of computer program instructions to



perform various processes that will be explained in greater detail below. Memory module 242

can include, among other things, a random access memory ("RAM") and a read-only memory

("ROM"). The computer program instructions can be accessed and read from the ROM, or any

other suitable memory location, and loaded into the RAM for execution by processor 24 1.

Depending on the type of data processing system 140 being used, processor 241 can include one

or more printed circuit boards, and/or a microprocessor chip.

[0033] Scanner control interface 243 can be configured for two way communication

between scanners 120 and 130, and data processing system 140. Consistent with one

embodiment, scanner control interface 243 can be configured to receive scan data from CT

scanner 120 and scanner 130 and store the data into storage device 244. Consistent with another

embodiment, scanner control interface 243 can be further configured to send scan control

instructions to CT scanner 120 and scanner 130 to initiate and stop scan operations, or to

configure the scanners. For example, the scan control instructions can include configuration

parameters, such as, the rotation speed of the gantry of CT scanner 120 and the energy levels of

scanner 130.

[0034] Storage device 244 can include any type of mass storage suitable for storing

information. For example, storage device 244 can include one or more hard disk devices,

optical disk devices, or any other storage devices that provide data storage space. In one

embodiment of the present disclosure, storage device can store data related to the data

processing process, such as the scan data received from CT scanner 120 and scanner 130, and

any intermediate data created during the data processing process. Storage device 244 can also

include analysis and organization tools for analyzing and organizing the information contained

therein.

[0035] Data processing system 140 can be accessed and controlled by a user, such as a

security officer, using input interface 245. User input interface 245 can be provided for the user

to input information into data processing system 140, and can include, for example, a keyboard,

a mouse, a touch screen, and/or optical or wireless computer input devices (not shown). The

user can input control instructions via user input interface 245 to control the operation of

conveyor 110, CT scanner 120 and/or scanner 130. For example, the user can push certain

buttons on a keyboard to stop conveyor 110, let it go backward or resume going forward. The

user can also input parameters to adjust the operation of data processing system 140.

[0036] One or more modules of data processing system 140 disclosed consistent with

FIG. 2 can be used to implement, for example, a transform calculator, a region data classifier,



and a candidate material calculator. These modules will be discussed below associated with

exemplary algorithms executed by them, and consistent with an exemplary item 330 under

inspection as shown in FIG. 3. As shown in FIG. 3, exemplary item 330 can be any container,

such as, for example, a suitcase containing, among other things, an object 33 1 containing a

prohibited object of interest or material and an object 332 containing another material placed

underneath object 33 1.

[0037] A transform calculator can be configured to execute an image reconstruction

algorithm. For example, the transform calculator can be configured to generate a three-

dimensional CT image 410 of exemplary item 330 from the sets of projection data received from

CT scanner 120, as shown in FIG. 4. Three-dimensional CT image 410 represents an absorption

coefficient map of exemplary item 330. Any suitable three-dimensional CT reconstruction

algorithm, including, but not limited to, filtered back projection, Fourier reconstruction, and

iterative reconstruction, can be used to transform the projection data into three-dimensional CT

image 410.

[0038] The region data classifier, either alone or in cooperation with the candidate

material calculator, can be configured to execute an image classification algorithm. For

example, region data classifier can be configured to identify one or more volumetric regions,

such as region 4 11 and region 412, in three-dimensional CT image 410 that correspond to the

objects contained in exemplary item 330. For example, region 4 11 can correspond to object 331

and region 412 can correspond to object 332. In one embodiment, only those regions containing

voxel values that are consistent with an absorption coefficient or a range of absorption

coefficients associated with the presence of candidate materials in the item are identified. (As

used herein, "candidate materials" refers to materials that are of interest and/or that are

prohibited.) For example, voxel values of region 4 11, indicative of absorption coefficient of

object 331, can be within the range of absorption coefficients associated with prohibited

materials. However, voxel values of region 412, indicative of absorption coefficient of object

332, can be different from the absorption coefficients associated with that of prohibited

materials. Accordingly, the region data classifier, either alone or in conjunction with the

candidate material calculator, can identify region 4 11 for further analysis. Moreover, in one

embodiment, the transform calculator can compare the mass and/or volume of an identified

region with a candidate region threshold. For example, if the volume of an identified region is

smaller than a volume threshold, the identified region can be disregarded as it is too small to be

a candidate region, or it may not correspond to a real object of interest, but rather can correspond



to merely a reconstruction artifact. Accordingly, identified regions smaller than a volume

threshold can be discarded. As a result, this additional thresholding process can mitigate

reconstruction errors and artifacts caused during reconstruction of three-dimensional CT image

410.

[0039] A candidate material calculator can be configured to execute a material

identification algorithm. For example, the candidate material calculator can be configured to

analyze all or a portion of the multi-energy projection data acquired by scanner 130. In one

embodiment the entire image is analyzed and can be coextensive with a candidate region. In

other embodiments, only a smaller, identified, portion of an image can be analyzed. Consistent

with one embodiment, a portion of data to be analyzed is determined by mapping regions 11

and 412 to two-dimensional projection images consistent with the projection images of region

520 received from scanner 130, as shown in FIG. 5. Each two-dimensional projection image of

region 520 can be formed by the set of projection data acquired at the various energy levels,

such as at two energy levels. Preferably, the type of projection used for mapping regions 4 11

and 412 can be consistent with that used at scanner 130 for obtaining two-dimensional

projection images of region 520.

[0040] Although FIG. 5 shows parallel projection for illustration purpose, it is

contemplated that other type of projection, such as fan beam projection, can be used. Preferably,

the mapping of regions 4 11 and 412 can be carried out using the same projection perspective of

scanner 130 as the one that is used to obtain two-dimensional projection images of region 520,

so that the mapped image can be registered with two-dimensional projection images of region

520. For example, the portion of multi-energy projection data within region 521 can correspond

to a perspective of region 4 11, and the portion of projection data within region 522 can

correspond to a perspective of region 412. When fan beam projection is used, the two-

dimensional projection images can be formed by fan-beam data. For the purpose of image

registration, the fan-beam projections images can be registered with the fan-beam raw data off

scanner 130. Based on these portions of multi-level projection data, candidate material

calculator can determine if scan data associated with regions 4 11 and 412 is consistent with the

presence of a candidate material in item 330.

[0041] Going back to FIG. 2, data processing system 140 can also provide visualized

information to the user via display device 246. For example, display device 246 can include a

computer screen (not shown) and provide a graphical user interface ("GUI") to the user.

Consistent with one embodiment, display device 246 can display an image of item 10, such as



three-dimensional CT image 410 and two-dimensional projection image of region 520.

Consistent with another embodiment, display device 246 can also display an inspection report to

the user indicating whether scan data is consistent with the presence of a candidate material in

item 10.

[0042] FIG. 6 is a flow chart of a first exemplary process of analyzing a target item

utilizing multiple scanners, consistent with the disclosed embodiment shown in FIG. 1. An item,

such as exemplary item 330, is provided (Step 601). For example, exemplary item can be

provided to the scanners by conveyor 110. A three-dimensional CT scan can be conducted on

exemplary item 330 by CT scanner 120 (Step 602). During the CT scan, sets of two-

dimensional projection data can be acquired at multiple projection angles, and the projection

data can be transferred to data processing system 140. The projection data can be reconstructed

into three-dimensional CT image 410 by a transform calculator implemented by data processing

system 140 (Step 603). Three-dimensional CT image 410 represents an absorption coefficients

map of exemplary item 330. In one embodiment, the transform calculator can further compare

the mass and/or volume of the identified candidate region with a candidate region threshold

(Step 604). For example, if the volume of an identified region is smaller than a volume

threshold, the identified region can be discarded. In any event, based on three-dimensional CT

image 410, one or more first regions such as regions 4 11 and 412 can be classified by the region

data classifier implemented by data processing system 140 (Step 605).

[0043] Conveyor 110 can provide exemplary item 330 to scanner 130, where a multi-

energy line scan can be conducted (Step 606). During the scan, multiple sets of two-

dimensional projection data can be acquired by line x-ray detector 132 — for example a set of

data at a higher energy value and a lower energy value. Each set of two-dimensional projection

data — or the combined set of two-dimensional projection data at both energies — can form a

two-dimensional projection image 520 of exemplary item 330 (Step 607).

[0044] Probable material in each first region 4 11 and 412 can be identified by analyzing

three-dimensional CT image 410 and two-dimensional projection image 520 obtained in step

605 and step 607 (Step 608). Step 608 can be carried out by a candidate material calculator

implemented together with a region data classifier by data processing system 140. Consistent

with one embodiment, for example, region data classifier can be configured to utilize at least a

portion of the first set of transform data to identify subsets of the second set of scan data

associated with second regions, such that first regions 4 11 and 412 and the identified second

regions are approximately commensurate. Further, and consistent with one embodiment, step



608 can include generating the effective atomic number for each of the identified second regions.

Additionally or alternatively, step 608 can also include calculating the electron density for each

of the identified second regions.

[0045] The electron density can be calculated using the following formula:

[0046] pe(r) = (Zi/A, 5,(r) + Z2/A2 (r) ) Na

[0047] where Na is Avogadro's number (6.0225 1023 ), the variables Zi
2

correspond to

the atomic numbers of base materials 1 and 2, the variable Ai
2

corresponds to the atomic weight

of materials 1 and 2 and variable δ ι 2 correspond to the thicknesses of the materials 1 and 2

along the absorption path. Likewise, the effective atomic number can be calculated using the

following formula:

[0048] Z ff = { [ Zi/A x5,(r) χ Z + Z2/A2
χ

2(r) xZ ] / [ Ζ ,/Α , χ 5i(r) + Z2/A2

δ ,(Γ) ] },

[0049] Here, the exponent X can have a value between 2.8 and 3.4 depending on the

scientific literature reference is cited. Common values are 3.0 and 3.1.

[0050] The candidate material calculator can further compare the generated effective

atomic number and/or electron density value with those in a lookup table that specifies the

effective atomic numbers and/or electron density of various materials, and determine which

probable material is likely present in the second region. The lookup table can be stored in

memory module 242 or in storage device 244. Table A shows an exemplary table that can be

used in step 608.

For example, if the generated effective atomic number is consistent with Z F, the candidate

material calculator can determine that the probable material in the second region is consistent



with the presence of a candidate material (i.e., "Explosive F") in the item being analyzed. The

probable material identification process of step 608 will be described in greater detail in FIG. 8

and FIG. 10.

[0051] The candidate material calculator further can generate a measure if any of the

probable materials determined in step 608 in the second region is consistent with the presence of

a candidate material in the item (Step 609). If data associated with one of the regions is

consistent with the presence of a candidate material in the item (Step 609: Yes), the candidate

material calculator can provide an indication of the candidate material (Step 610). For example,

the candidate material calculator can determine that data associated with region 4 11 is consistent

with the presence of an explosive material in the item, and can provide an indication to the user

on display device 246 or otherwise provide some notation and/or sign. If none of data

associated with the regions is consistent with the presence of a candidate material in the item

(Step 609: No), step 610 will be skipped, and the process can conclude.

[0052] FIG. 7 is a flow chart of a second exemplary process of analyzing a target item

utilizing multiple scanners, consistent with the present invention. The process can include steps

701-707 similar to steps 601-607 disclosed in connection with FIG. 6. For purpose of

illustration, first regions 4 11 and 412 classified in step 705 are referred to as Rl. Based on two-

dimensional projection images 520 obtained in step 707, one or more second regions such as

regions 521 and 522 can be classified by the region data classifier implemented either alone or

in conjunction with the candidate material calculator by data procession system 140 (Step 708).

Again, for purpose of illustration, the identified second regions in step 708 are referred to as R2.

[0053] Consistent with one embodiment, step 708 can include calculating an effective

atomic number map and/or an electron density map of exemplary item 330, based on two-

dimensional projection images 520 corresponding (for example) to a higher energy value and a

lower energy value, respectively. A region data classifier, either alone or in conjunction with a

candidate material calculator, can then identify each region that has similar effective atomic

number values and/or electron density values. Consistent with one embodiment, region data

classifier, either alone or in conjunction with a candidate material calculator, can compare the

calculated effective atomic numbers and/or electron densities with a set of effective atomic

numbers and/or electron densities consistent with the presence of candidate materials in the item

being analyzed, and flag only those regions for further analysis that have pixel values consistent

with the presence of candidate materials. For example, region 521 corresponding to object 33 1

can be classified as R2.



[0054] Both R l and R2 can be mapped onto a two-dimensional image (Step 709). The

mapping of first regions Rl can be carried out using the same projection perspective of scanner

130 as that used to obtain two-dimensional projection images 520, so that the mapped Rl and

R2 can be registered on the same two-dimensional image. For example, forward projection data

of Rl can be calculated based on the geometry and projection angle of scanner 130. On the two-

dimensional image, one or more areas covered by R l and/or R2 can be determined (Step 710).

Where R l is determined solely based on the absorption coefficients represented by three-

dimensional CT image 410 and R2 is determined solely based on the effective atomic numbers

and/or electron density values derived from two-dimensional projection images 520, Rl and R2,

when mapped onto the two -dimensional image, may not completely overlap with each other.

Consistent with one embodiment, all the areas covered by the mapped R l or R2 are analyzed to

identify the probable materials in those areas, to enhance detection accuracy.

[0055] For areas A l where the mapped R l overlap with R2 (Step 7 11), the candidate

material calculator can identify probable materials in areas A l by analyzing both three-

dimensional CT image 410 and two-dimensional projection images 520 (Step 712). The

probable material identification process of step 712 can be carried out by candidate material

calculator, similar to step 608 of FIG. 6, and exemplary algorithms will be described in greater

detail in FIG. 8 and FIG. 9. For areas A2 that are within mapped R l but outside of R2 (Step

713), the candidate material calculator can identify probable materials in areas A2 by analyzing

three-dimensional CT image 410 only (Step 714). For example, the candidate material

calculator can look up the voxel values of three-dimensional CT image 410 that correspond to

areas A2 in a table specifying the absorption coefficients of various materials, and determine

which material it contains. Table B shows an exemplary table that can be used in step 714.

Similar to Table A, Table B can be stored as a look-up table in memory module 242 or storage

device 244.



[0056] For example, if the generated absorption coefficient in A2 is consistent with e,

the candidate material calculator can determine that the probable material in the first region is an

explosive material. Consistent with one embodiment, Table A and Table B can be combined

into one look-up table with a listing of materials, absorption coefficients, effective atomic

numbers, and/or electron density values.

[0057] Similarly, for areas A3 that are within R2 but outside of mapped R l (Step 715),

the candidate material calculator can identify probable materials in areas A3 by analyzing two-

dimensional projection images 520 only (Step 716). For example, step 716 can include

generating the effective atomic numbers for areas A3 based on two-dimensional projection

images 520. The candidate material calculator can further compare the effective atomic

numbers and/or electron density values with those stored in Table A, and determine a material

that is consistent with the data associated with areas A3.

[0058] The candidate material calculator can generate a measure if any of the probable

materials identified in steps 712, 714, and 716 is consistent with the presence of a candidate

material (Step 717). Consistent with one embodiment, the measure can be generated based

solely on areas Al. If data consistent with at least one candidate material is detected (Step 717:

Yes), the candidate material calculator can provide an indication of the candidate material, for

example, via display device 246 (Step 718). If no data consistent with the presence of candidate

material is detected (Step 717: No), step 718 will be skipped, and the process can conclude.

[0059] FIG. 8 is a flow chart of a first exemplary process of identifying probable material in

a region of exemplary item 330, consistent with step 608 shown in FIG. 6. In one embodiment,

the exemplary process described in FIG. 8 can also be employed to carry out step 712 shown in

FIG. 7. The candidate material calculator can select a first hypothetical material (Step 801) and

a second hypothetical material (Step 802) based on the generated absorption coefficient in each

first region from three-dimensional CT image 410. In one embodiment, a candidate material

calculator can compare the generated absorption coefficients in first region 4 11 and first region

412 with those stored in Table B. For example, the voxel values in first region 4 11 can be

consistent with e and the voxel values in first region 412 can be consistent with . Based on

the comparison, the candidate material calculator can determine that data associated with first

region 4 1 is consistent with the presence of an explosive material such as nitroglycerin or



trinitrotoluene, and data associated with first region 412 is consistent with the presence of

another material (e.g. metal such as iron or copper). As a result, first regions 4 11 and 412 can

comprise a total of four different combinations of materials.

[0060] For illustration purposes only, we can assume that the candidate material

calculator selects nitroglycerin and iron as the first hypothetical combination of materials for

first regions 4 11 and 412, and trinitrotoluene and copper as the second hypothetical combination

of materials for the same regions. As shown in FIG. 9, the candidate material calculator can

then construct a three-dimensional synthetic image 910 having first hypothetical combination of

materials 9 11 and 912 in first regions 4 11 and 412, respectively (Step 803) and construct another

three-dimensional synthetic image 920 having second hypothetical combination of materials 921

and 922 in the same regions (Step 804).

[0061] The candidate material calculator can generate two-dimensional synthetic

projection images 950 and 960 of the constructed three-dimensional synthetic images 910 and

920 (Step 803 and Step 804). Two-dimensional synthetic projection images 950 and 960 can be

computed consistent with the projection perspective of scanner 130 that is used to obtain two-

dimensional projection images 520, so that the mapped image can be registered with two-

dimensional projection images 520. Accordingly, each of the sets of synthetic projection data

associated with each of the respective hypothetical combinations can correspond to the

hypothetical presence of each of the materials in second region 520. Consistent with one

embodiment, two-dimensional synthetic projection images 950 and 960 can be calculated at

either of the two energy levels used by scanner 130, and/or can be calculated to be consistent

with combined set of two-dimensional projection data at multiple energies.

[0062] The candidate material calculator can further compute a distance between each

generated two-dimensional synthetic projection image 950 or 960 and two-dimensional

projection image 520 obtained from scanner 130 (Step 807 and Step 808). Consistent with one

embodiment, the distance between two images can be computed as a L I norm or a L2 norm of

the difference image between the two images. As shown in FIG. 9, difference image 970 can be

computed by subtracting two-dimensional synthetic projection image 950 from two-dimensional

projection image 520 obtained from scanner 130. The distance between image 950 and image

520 can then be computed as sum of pixel intensities of difference image 970 or energy of

difference image 970. Similarly, difference image 980 can be computed by subtracting two-

dimensional synthetic projection image 960 from two-dimensional projection image 520, and

the distance between image 960 and image 520 can be computed based on difference image 980.



The computed distance can be associated with the corresponding hypothetical combination of

materials that are used to construct the three-dimensional synthetic image. It is contemplated

that other algorithms can also be used to compute the distance. Consistent with one embodiment,

for each hypothetical combination of materials, the candidate material calculator can compute

two distances corresponding to the multiple energy levels, respectively, and then compute the

sum of the two distances, or can compute a distance consistent with combined set of two-

dimensional projection data at multiple energies.

[0063] The candidate material calculator can select one of the hypothetical combinations

of materials as the probable combination of materials in second regions 521 and 522 based on

the computed distances (Step 809). For example, the hypothetical combination of materials 9 11

and 912 associated with a shorter distance can be selected, because two-dimension synthetic

projection image 960 more closely resembles two-dimensional projection image 520 obtained

from scanner 130. The process can conclude after step 809.

[0064] Although the exemplary process of FIG. 8 is described in connection with two

hypothetical combinations of materials, one skilled in the art would understand that the same

method can be used for any arbitrary number of hypothetical combinations of materials. For

example, if N (N>2) possible combinations of materials are identified, the candidate material

calculator can compute N distances corresponding to these hypothetical combinations, according

to disclosed steps 803-808. In step 809, the candidate material calculator can select the

hypothetical combination of materials associated with the shortest distance, among the N

distances, as the probable combination of materials in candidature regions 4 11 and 412.

[0065] Consistent with the embodiments disclosed herein, at least two independent

physical parameters associated with a material being inspected (such as Z r and the absorption

coefficient, or the electron density and the absorption coefficient), can be acquired. Utilizing at

least two independent parameters provides additional information about the inspected material,

and allows for a system that can exhibit an increased detection capability for some inspected

materials. Especially for those materials that either have an absorption coefficient similar to the

typical contents of bags or for those materials that cannot be sufficiently resolved by a

conventional scanner and would result in the appearance of artifacts when inspected by such a

conventional scanner.

[0066] FIGS. 10 and 12 are flow charts consistent with a secondary exemplary process

of identifying probable material in a second region of the item, consistent with Step 608 shown

in FIG. 6 and Step 712 shown in FIG. 7. The candidate material calculator can identify a



probable edge of material in each first region (Step 1001 and Step 1201). As shown in FIG. 1,

probable edge 1101 can be identified for first region 4 11 and probable edge 1102 can be

identified for first region 412, based on three-dimensional CT image 410. Consistent with one

embodiment, the probable edge can be determined using a differential method, which calculates

the difference between every two adjacent voxels and identifies the edge at places where the

differences are above a threshold value.

[0067] The probable edges 1101 and 1102 can be mapped to two-dimensional projection

images of second region 520 obtained from scanner 130 (Step 1002 and Step 1202). As shown

in FIG. 11, the mapping can be carried out consistent with projection perspective of scanner 130

that is used to obtain two-dimensional projection images of second region 520, so that mapped

edges 1111 and 1112 can be registered with two-dimensional projection images of second region

520. Based on mapped edges 1111 and 112, two-dimensional projection images of second

region 520 can be segmented (Step 1003 and Step 1203). For example, second regions 521 and

522 can be determined in the segmentation step.

[0068] For each segmented region, the candidate material calculator can determine an

effective atomic number and/or an electron density value corresponding to that region (Step

1004 and Step 1204). Consistent with one embodiment, the effective atomic numbers can be

determined using a "jump" method. Referring back to FIG. 3, object 331 superimposes with

object 332. Therefore, probable edge 1101 of first region 4 11 corresponds to the boundary

between object 331 and object 332, and probable edge 1102 of first region 412 corresponds to

the boundary between object 332 and the bottom surface of exemplary item 330. As explained,

two-dimensional projection images of region 520 can be representative of the integral of

absorption coefficients of the volumetric segment of exemplary item 330 through which the x-

ray beams pass. Accordingly, differential data between two regions separated by mapped edge

1111 of object 33 1 can be representative of the projection data corresponding solely to object

33 1. Similarly, differential data between two regions separated by mapped edge 1112 of object

332 can be representative of the projection data corresponding solely to object 332. In step

1004, the candidate material calculator can calculate effective atomic number within segmented

regions 521 and 522, based on the corresponding differential data.

[0069] The candidate material calculator can further look up the calculated effective

atomic number and/or electron density value of each segmented region (such as in Table A for

effective atomic number data), and determine the probable material contained in each region

(Step 1005 and Step 1205). Process can conclude after steps 1005 and 1205.



[0070] It is contemplated that the steps associated with FIGS. 6, 7, 8, 10, and 12 of the

present invention can be implemented as a combination of hardware and software or in hardware

alone. Furthermore, although certain aspects of the present invention are described as being

stored in memory, one skilled in the art will appreciate that these aspects can also be stored on or

read from other computer-readable media, such as secondary storage devices, like hard disks,

floppy disks, or CD-Rom; or other forms of RAM or ROM. Moreover, although certain aspects

of the present invention are described with regard to database instances associated with long-

term storage, one skilled in the art will appreciate that the database instances can also be

associated with memory records loaded into temporary storage, such as RAM.

Industrial Applicability

[0071] The disclosed system and method can be applicable to detection of objects and

materials of interest using an automated or semi-automated process. Although disclosed

embodiments are described in association with container, crate or baggage inspection such as at

an airport, train station, cargo inspection or other port- and border- applications, the disclosed

inspection system and inspection method can be used in other applications, such as medical

imaging in a hospital or imaging facility, product quality control in a factory, etc.

[0072] It will be apparent to those skilled in the art that various modifications and

variations can be made in the disclosed system and method without departing from the scope of

the disclosure. Additionally, other embodiments of the disclosed system and method will be

apparent to those skilled in the art from consideration of the specification. It is intended that the

specification and examples be considered as exemplary only, with a true scope of the disclosure

being indicated by the following claims and their equivalents.



Claims

What is claimed is:

1. A method of analyzing a target item utilizing multiple scanners, comprising:

providing an item comprising a material;

acquiring a first set of scan data associated with said item using a first scanner;

acquiring a second set of scan data associated with said item using a second scanner;

generating a first set of transform data from said first set of scan data;

analyzing said first set of transform data to identify a subset of said first set of transform

data associated with a first region;

analyzing said second set of scan data to identify a subset of said second set of scan data

associated with a second region; and

generating a measure that at least a portion of scan data is consistent with a presence of a

candidate material in said item, where said portion of scan data is selected from at

least one of the set consisting of: said subset of said first set of transform data

and aid subset of said second set of scan data.

2 . The method of claim 1, where the first scanner is a three-dimensional computed

tomography scanner and the first set of transform data comprises absorption coefficient data

associated with said first region.

3. The method of claim 2, where the second scanner is a multi-energy line scanner

and said step of generating a measure comprises a step of generating a set of effective atomic

number data associated with said second region.

4. The method of claim 2, where the second scanner is a multi-energy line scanner

and said step of generating a measure comprises a step of generating a set of electron density

data associated with said second region.

5. The method of claim 3, where said portion of scan data is selected from said

subset of said second set of scan data, and wherein said step of analyzing said second set of scan

data comprises:



utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with a second region, such that said first region

and said second region are at least approximately commensurate; and

wherein said step of generating a measure comprises:

generating a first set of projection data associated with at least a first hypothetical

material in said second region;

generating a second set of projection data associated with at least a second hypothetical

material in said second region;

calculating a first distance between said subset of second set of scan data associated with

the second region and the first set of projection data;

calculating a second distance between said subset of second set of scan data associated

with the second region and the second set of projection data;

comparing the first distance with the second distance and identifying a probable material

in said second region selected from the first hypothetical material and the second

hypothetical material; and

generating a measure that said probable material in said second region is consistent with

said presence of said candidate material in said item.

6. The method of claim 5, wherein said first set of projection data and said second

set of projection data are generated consistent with a projection perspective of the second

scanner.

7. The method of claim 5, wherein said step of generating a measure further

comprises:

selecting the first hypothetical material and the second hypothetical material based at

least in part on the absorption coefficient data associated with said first region.

8. The method of claim 3, where said portion of scan data is selected from said

subset of said second set of scan data, and wherein said step of analyzing said second set of scan

data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and



wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

9. The method of claim 8, wherein said step of generating a measure further

comprises:

determining a set of effective atomic number data associated with the hypothetical

material in said second region based on said set of hypothetical edge data and at

least a portion of said second set of scan data associated with said second region.

10. The method of claim 9, wherein said set of projection data is generated consistent

with a projection perspective of the second scanner.

11. The method of claim 9, wherein said step of determining a set of effective atomic

number data associated with the hypothetical material in said second region further comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determining the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.

12. The method of claim 4, where said portion of scan data is selected from said

subset of said second set of scan data, and wherein said step of analyzing said second set of scan

data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and



wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

13. The method of claim 12, wherein said step of generating a measure further

comprises:

determining a set of electron density data associated with the hypothetical material in

said second region based on said set of hypothetical edge data and at least a

portion of said second set of scan data associated with said second region.

14. The method of claim 13, wherein said set of projection data is generated

consistent with a projection perspective of the second scanner.

15. The method of claim 13, wherein said step of determining a set of electron

density data associated with the hypothetical material in said second region further comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determining the set of electron density data associated with the hypothetical material in

said second region utilizing said set of differential data.

16. The method of claim 3, wherein said step of analyzing said first set of transform

data further comprises:

analyzing said first set of transform data to generate at least one test value of said first

region, where said test value of said first region is selected from the set of: a

mass value of said first region, a volume value of said first region; and a mass

density value of said first region; and



comparing said test value of said first region with a candidate region threshold value.

17. The method of claim 16, where said portion of scan data is selected from said

subset of said second set of scan data, and wherein said step of analyzing said second set of scan

data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

18. The method of claim 17, wherein said step of generating a measure further

comprises:

determining a set of effective atomic number data associated with the hypothetical

material in said second region based on said set of hypothetical edge data and at

least a portion of said second set of scan data associated with said second region.

19. The method of claim 18, wherein said set of projection data is generated

consistent with a projection perspective of the second scanner.

20. The method of claim 18, wherein said step of determining a set of effective

atomic number data associated with the hypothetical material in said second region further

comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and



determining the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.

2 1. The method of claim 3, where the second set of scan data comprises a first set of

projection scan data associated with a first energy and a second set of projection scan data

associated with a second energy.

22. The method of claim 1, where said portion of scan data is selected from said

subset of said second set of scan data, and further comprising:

generating a first measure that said subset of said first set of transform data comprises a

subset of data that is consistent with said presence of said candidate material in

said item; and

comparing said measure and said first measure.

23. The method of claim 22, where the first scanner is a three-dimensional computed

tomography scanner and the first set of transform data comprises absorption coefficient data

associated with said first region, wherein said step of generating a first measure comprises:

comparing the absorption coefficient data associated with said first region with an

absorption coefficient consistent with said presence of said candidate material in

said item.

24. The method of claim 22, where the second scanner is a multi-energy line scanner

and said step of generating a measure comprises:

generating a set of effective atomic number data associated with the second region; and

comparing the set of effective atomic number data associated with said second region

with an effective atomic number consistent with the presence of said candidate

material in said item.

25. The method of claim 22, where the second scanner is a multi-energy line scanner

and said step of generating a measure comprises:

generating a set of electron density data associated with the second region; and



comparing the set of electron density data associated with said second region with an

electron density consistent with said presence of said candidate material in said

item.

26. A system configured to analyze a target item utilizing multiple scanners,

comprising:

a conveyor configured to provide an item to a first scanner and a second scanner, where

the item comprises a material ;

where the first scanner is configured to acquire a first set of scan data associated with

said item;

where the second scanner is configured to acquire a second set of scan data associated

with said item;

a transform calculator configured to generate a first set of transform data from said first

set of scan data;

a region data classifier configured to identify a subset of said first set of transform data

associated with a first region and to identify a subset of said second set of scan

data associated with a second region; and

a candidate material calculator configured to generate a measure that at least a portion of

scan data is consistent with a presence of a candidate material in said item, where

said portion of scan data is selected from at least one of the set consisting of: said

subset of said first set of transform data and said subset of said second set of scan

data.

27. The system of claim 26, where the first scanner is a three-dimensional computed

tomography scanner and the first set of transform data comprises absorption coefficient data

associated with said first region.

28. The system of claim 27, where the second scanner is a multi-energy line scanner

and where the candidate material calculator is further configured to generate a set of effective

atomic number data associated with said second region.



29. The system of claim 27, where the second scanner is a multi-energy line scanner

and where the candidate material calculator is further configured to generate a set of electron

density data associated with said second region.

30. The system of claim 28, where the region data classifier is further configured to:

utilize at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

where the portion of scan data is selected from said subset of said second set of scan

data, and the candidate material calculator is further configured to:

generate a first set of projection data associated with at least a first hypothetical material

in said second region;

generate a second set of projection data associated with at least a second hypothetical

material in said second region;

calculate a first distance between said subset of second set of scan data associated with

the second region and the first set of projection data;

calculate a second distance between said subset of second set of scan data associated

with the second region and the second set of projection data;

compare the first distance with the second distance and identify a probable material in

the second region selected from the first hypothetical material and the second

hypothetical material; and

generate a measure that said probable material in said second region is consistent with

said presence of said candidate material in said item.

31. The system of claim 30, wherein said first set of projection data and said second

set of projection data are generated consistent with a projection perspective of the second

scanner.

32. The system of claim 30, wherein the candidate material calculator is further

configured to:

select the first hypothetical material and the second hypothetical material based at least

in part on the absorption coefficient data associated with said first region.



33. The system of claim 28, where the region data classifier is further configured to:

utilize at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

the transform calculator is further configured to:

analyze said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

where the portion of scan data is selected from said subset of said second set of scan

data, and said candidate material calculator is further configured to generate a set

of projection data associated with at least a hypothetical material in said second

region, where said hypothetical material is associated with at least one set of

hypothetical edge data in said set of projection data, and said set of hypothetical

edge data is consistent with said set of probable edge data.

34. The system of claim 33, wherein the candidate material calculator is further

configured to:

determine a set of effective atomic number data associated with the hypothetical material

in said second region based on said set of hypothetical edge data and at least a

portion of said second set of scan data associated with said second region.

35. The system of claim 34, wherein said set of projection data is generated

consistent with a projection perspective of the second scanner.

36. The system of claim 34, wherein the candidate material calculator is further

configured to:

generate a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determine the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.



37. The system of claim 28, wherein the transform calculator is further configured to:

analyze said first set of transform data to generate at least one test value of said first

region, where said test value of said first region is selected from the set of: a

mass value of said first region, a volume value of said first region; and a mass

density value of said first region; and

compare said test value of said first region with a candidate region threshold value.

38. The system of claim 37, where the region data classifier is further configured to:

utilize at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

the transform calculator is further configured to:

analyze said first set of transform data to identify at least one set of probable edge data in

said first region; and

where the portion of scan data is selected from said subset of said second set of scan

data, and said candidate material calculator is further configured to generate a set

of projection data associated with at least a hypothetical material in said second

region, where said hypothetical material is associated with at least one set of

hypothetical edge data in said set of projection data, and said set of hypothetical

edge data is consistent with said set of probable edge data.

39. The system of claim 38, wherein the candidate material calculator is further

configured to:

determine a set of effective atomic number data associated with the hypothetical material

in said second region based on said set of hypothetical edge data and at least a

portion of said second set of scan data associated with said second region.

40. The system of claim 39, wherein said set of projection data is generated

consistent with a projection perspective of the second scanner.

41. The system of claim 39, wherein the candidate material calculator is further

configured to:



generate a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determine the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.

42. The system of claim 28, where the second set of scan data comprises a first set of

projection scan data associated with a first energy and a second set of projection scan data

associated with a second energy.

43. The system of claim 26, where said portion of scan data is selected from said

subset of said second set of scan data, and said candidate material calculator is further

configured to:

generate a first measure that said subset of said first set of transform data comprises a

subset of data that is consistent with said presence of said candidate material in

said item; and

compare said measure and said first measure.

44. The system of claim 43, where the first scanner is a three-dimensional computed

tomography scanner and the first set of transform data comprises absorption coefficient data

associated with said first region, where the candidate material calculator is further configured

to:

compare the absorption coefficient data associated with said first region with an

absorption coefficient consistent with said presence of said candidate material in

said item.

45. The system of claim 43, where the second scanner is a multi-energy line scanner

and the candidate material calculator is further configured to:

generate a set of effective atomic number data associated with the second region; and



compare the set of effective atomic number data associated with said second region with

an effective atomic number consistent with the presence of said candidate

material in said item.

46. A computer-readable medium comprising instructions stored thereon, wherein the

instructions cause a computer to perform a method of analyzing a target item utilizing multiple

scanners, the method comprising:

receiving a first set of scan data associated with an item, where the first set of scan data

is acquired by a first scanner, and where the item comprises a material;

receiving a second set of scan data associated with said item, where the second set of

scan data is acquired by a second scanner;

generating a first set of transform data from said first set of scan data;

analyzing said first set of transform data to identify a subset of said first set of transform

data associated with a first region;

analyzing said second set of scan data to identify a subset of said second set of scan data

associated with a second region; and

generating a measure that at least a portion of scan data is consistent with a presence of a

candidate material in said item, where said portion of can data is selected from at

least one of the set consisting of: said subset of said first set of transform data and

said subset of said second set of scan data.

47. The computer-readable medium of claim 46, where the first scanner is a three-

dimensional computed tomography scanner and the first set of transform data comprises

absorption coefficient data associated with said first region.

48. The computer-readable medium of claim 47, where the second scanner is a multi-

energy line scanner and said step of generating a measure comprises a step of generating a set of

effective atomic number data associated with said second region.

49. The computer-readable medium of claim 47, where the second scanner is a multi-

energy line scanner and said step of generating a measure comprises a step of generating a set of

electron density data associated with said second region.



50. The computer-readable medium of claim 48, where said portion of scan data is

selected from said subset of said second set of scan data, and wherein said step of analyzing said

second set of scan data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with a second region, such that said first region

and said second region are at least approximately commensurate; and

wherein said step of generating a measure comprises:

generating a first set of projection data associated with at least a first hypothetical

material in said second region;

generating a second set of projection data associated with at least a second hypothetical

material in said second region;

calculating a first distance between said subset of second set of scan data associated with

the second region and the first set of projection data;

calculating a second distance between said subset of second set of scan data associated

with the second region and the second set of projection data;

comparing the first distance with the second distance and identifying a probable material

in said second region selected from the first hypothetical material and the second

hypothetical material; and

generating a measure that said probable material in said second region is consistent with

said presence of said candidate material in said item.

51. The computer-readable medium of claim 50, wherein said first set of projection

data and said second set of projection data are generated consistent with a projection perspective

of the second scanner.

52. The computer-readable medium of claim 50, wherein said step of generating a

measure further comprises:

selecting the first hypothetical material and the second hypothetical material based at

least in part on the absorption coefficient data associated with said first region.

53. The computer-readable medium of claim 48, where said portion of scan data is

selected from said subset of said second set of scan data, and wherein said step of analyzing said

second set of scan data comprises:



utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

54. The computer-readable medium of claim 53, wherein said step of generating a

measure further comprises:

determining a set of effective atomic number data associated with the hypothetical

material in said second region based on said set of hypothetical edge data and at

least a portion of said second set of scan data associated with said second region.

55. The computer-readable medium of claim 54, wherein said set of projection data is

generated consistent with a projection perspective of the second scanner.

56. The computer-readable medium of claim 54, wherein said step of determining the

set of effective atomic number data associated with the hypothetical material in said second

region comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determining the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.



57. The computer-readable medium of claim 49, where said portion of scan data is

selected from said subset of said second set of scan data, and wherein said step of analyzing said

second set of scan data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

associated with said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

58. The computer-readable medium of claim 57, wherein said step of generating a

measure further comprises:

determining a set of electron density data associated with the hypothetical material in

said second region based on said set of hypothetical edge data and at least a

portion of said second set of scan data associated with said second region.

59. The computer-readable medium of claim 58, wherein said set of projection data is

generated consistent with a projection perspective of the second scanner.

60. The computer-readable medium of claim 58, wherein said step of determining a

set of electron density data associated with the hypothetical material in said second region

further comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determining the set of electron density data associated with the hypothetical material in

said second region utilizing said set of differential data.



6 1. The computer-readable medium of claim 48, wherein said step of analyzing said

first set of transform data further comprises:

analyzing said first set of transform data to generate at least one test value of said first

region, where said test value of said first region is selected from the set of: a

mass value of said first region, a volume value of said first region; and a mass

density value of said first region; and

comparing said test value of said first region with a candidate region threshold value.

62. The computer-readable medium of claim 61, where said portion of scan data is

selected from said subset of said second set of scan data, and wherein said step of analyzing said

second set of scan data comprises:

utilizing at least a portion of said first set of transform data to identify said subset of said

second set of scan data associated with said second region, such that said first

region and said second region are at least approximately commensurate; and

wherein said step of analyzing said first set of transform data further comprises:

analyzing said first set of transform data to identify at least one set of probable edge data

in said first region; and

generating a set of projection data associated with at least a hypothetical material in said

second region, where said hypothetical material is associated with at least one set

of hypothetical edge data in said set of projection data, and said set of

hypothetical edge data is consistent with said set of probable edge data.

63. The computer-readable medium of claim 62, wherein said step of generating a

measure further comprises:

determining a set of effective atomic number data associated with the hypothetical

material in said second region based on said set of hypothetical edge data and at

least a portion of said second set of scan data associated with said second region.

64. The computer-readable medium of claim 63, wherein said set of projection data is

generated consistent with a projection perspective of the second scanner.



65. The computer-readable medium of claim 63, wherein said step of determining a

set of effective atomic number data associated with the hypothetical material in said second

region further comprises:

generating a set of differential data based on a subset of said second set of scan data

associated with a first edge region and a subset of said second set of scan data

associated with a second edge region;

where said first edge region and said second edge region are separated by a hypothetical

edge region associated with said set of hypothetical edge data; and

determining the set of effective atomic number data associated with the hypothetical

material in said second region utilizing said set of differential data.

66. The computer-readable medium of claim 48, where the second set of scan data

comprises a first set of projection scan data associated with a first energy and a second set of

projection scan data associated with a second energy.

67. The computer-readable medium of claim 46, where said portion of scan data is

selected from said subset of said second set of scan data, and the method further comprising:

generating a first measure that said subset of said first set of transform data comprises a

subset of data that is consistent with said presence of said candidate material in

said item; and

comparing said measure and said first measure.

68. The computer-readable medium of claim 67, where the first scanner is a three-

dimensional computed tomography scanner and the first set of transform data comprises

absorption coefficient data associated with said first region, wherein said step of generating a

first measure comprises:

comparing the absorption coefficient data associated with said first region with an

absorption coefficient consistent with said presence of said candidate material in

said item.

69. The computer-readable medium of claim 67, where the second scanner is a multi-

energy line scanner and said step of generating a measure comprises:

generating a set of effective atomic number data associated with the second region; and



comparing the set of effective atomic number data associated with said second region

with an effective atomic number consistent with the presence of said candidate

material in said item.

70. The computer-readable medium of claim 67, where the second scanner is a multi-

energy line scanner and said step of generating a measure comprises:

generating a set of electron density data associated with the second region; and

comparing the set of electron density data associated with said second region with an

electron density consistent with the presence of said candidate material in said

item.
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