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(57) ABSTRACT 

A system for segmenting radiographic images of a cargo 
container can include an object segmentation recognition 
module adapted to perform a series of functions. The func 
tions can include receiving a plurality of radiographic images 
of a cargo container, each image generated using a different 
energy level and segmenting each of the radiographic images 
using one or more segmentation modules to generate segmen 
tation data representing one or more image segments. The 
functions can also include identifying image layers Within the 
radiographic images using a plurality of layer analysis mod 
ules by providing the plurality of radiographic images and the 
segmentation data as input to the layer analysis modules, and 
determining adjusted atomic number values for an atomic 
number image based on the image layers. The functions can 
include adjusting the atomic number image based on the 
adjusted atomic number values for the regions of interest to 
generate an adjusted atomic number image and identifying 
regions of interest Within the adjusted atomic number image 
based on an image characteristic. The functions can also 
include providing coordinates of each region of interest and 
the adjusted atomic number image as output. 
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OBJECT SEGMENTATION RECOGNITION 

[0001] The present application claims the bene?t of US. 
Provisional Patent Application No. 60/940,632, entitled 
“Threat Detection System”, ?led May 29, 2007, Which is 
incorporated herein by reference in its entirety. 
[0002] Embodiments of the present invention relate gener 
ally to image segmentation and, more particularly, to com 
puter systems and methods for automatic image segmentation 
of radiographic images. 
[0003] Image segmentation, the process of separating 
objects of interest from the background (or from other 
objects) in an image, is typically a dif?cult task for a computer 
to perform. If an image scene is simple and the contrast 
betWeen objects in the scene and the background is high, then 
the task may be someWhat easier. However, if an image scene 
is cluttered and the contrast betWeen objects in the scene and 
the background (or other objects) is loW, image segmentation 
can be a particularly dif?cult problem. For example, in a 
radiographic image of a three-dimensional object such as a 
cargo container there can be numerous layers of objects and 
contrast may be loW betWeen the objects and the background. 
In addition to the di?iculties often associated With loW con 
trast and cluttered scenes, radiographic images of objects 
having layers may also present a need to segment the image in 
tWo Ways: in the x-y plane (i.e., the plane the image Was 
produced on) and by layer of depth in order to correct for layer 
effects such as overlapping. 
[0004] Embodiments of the present invention can be used 
in an imaging system, such as a nuclear material detection 
system, that includes a capability of producing images using 
different energy levels. Each energy level provides a different 
imaging characteristic such as energy penetration of the 
object being scanned. Different images produced using dif 
ferent energy levels can be used in conjunction With each 
other to better identify layers Within the object being scanned. 
[0005] Embodiments of the present invention address the 
above problems and other problems often associated With 
segmenting radiographic images. For example, one exem 
plary embodiment can include a system for segmenting radio 
graphic images of a cargo container. The system can include 
an object segmentation recognition module adapted to per 
form a series of functions. The functions can include receiv 
ing a plurality of radiographic images of a cargo container, 
each image generated using a different energy level and seg 
menting each of the radiographic images using one or more 
segmentation modules to generate segmentation data repre 
senting one or more image segments. The functions can also 
include identifying image layers Within the radiographic 
images using a plurality of layer analysis modules by provid 
ing the plurality of radio graphic images and the segmentation 
data as input to the layer analysis modules, and determining 
adjusted atomic number values for an atomic number image 
based on the image layers. The functions can include adjust 
ing the atomic number image based on the adjusted atomic 
number values for the regions of interest to generate an 
adjusted atomic number image and identifying regions of 
interest Within the adjusted atomic number image based on an 
image characteristic. The functions can also include provid 
ing coordinates of each region of interest and the adjusted 
atomic number image as output. 
[0006] Another embodiment includes a method for seg 
menting radiographic images. The method can include pro 
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viding a plurality of radiographic images and providing a 
pixel level estimated atomic number image. The method can 
also include segmenting the radiographic images using one or 
more segmentation modules to generate segmentation data 
and identifying image layers Within each of the radio graphic 
images. The method can also include analyZing the image 
layers using the plurality of radiographic images and the 
segmentation data in order to determine corrected atomic 
number values for objects in the images, and correcting the 
pixel level atomic number image based on the corrected 
atomic number values to generate an object level atomic 
number image. The method can include identifying regions of 
interest Within the object level atomic number image based on 
an image characteristic, and outputting coordinates of each 
region of interest and the object level atomic number image as 
output. 
[0007] Another embodiment includes a radiographic image 
segmentation apparatus. The apparatus can include means for 
receiving a radiographic image and means for segmenting 
each of the radiographic images using one or more segmen 
tation modules to generate segmentation data. The apparatus 
can also include means for identifying image layers to pro 
duce image layer data and means for identifying regions of 
interest based on the segmentation data and image layer data. 
The apparatus can also include means for analyZing the image 
layers in order to determine corrected atomic number values 
for the regions of interest and means for correcting an atomic 
number image based on the corrected atomic number values 
for the regions of interest. The apparatus can also include 
means for outputting region of interest coordinates and the 
corrected atomic number image as output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram of an exemplary object 
segmentation recognition processor shoWing inputs and out 
puts; 
[0009] FIG. 2 is a block diagram of an exemplary object 
segmentation recognition processor shoWing an exemplary 
OSR processor in detail; 
[0010] FIG. 3 is a ?owchart shoWing an exemplary method 
for image segmentation; and 
[0011] FIG. 4 is a block diagram of an exemplary object 
segmentation recognition apparatus shoWing data How and 
processing modules. 

DETAILED DESCRIPTION 

[0012] FIG. 1 shoWs a block diagram of an exemplary 
object segmentation recognition processor shoWing inputs 
and outputs. In particular, an object segmentation recognition 
(OSR) processor 102 is shoWn receiving one or more images 
104 as input and providing region of interest (ROI) or object 
coordinates 106 as output. 

[0013] In operation, the images 104 provided or obtained as 
input to the OSR processor 102 can include radiographic 
images or other images. For example, the images 104 can 
include radiographic images of a cargo conveyance such as a 
cargo container. The images 104 can include one or more 
images, for example four images can be provided With each 
image being generated using a different radiographic energy 
level. Also, the images 104 can include radiographic images 
or other images derived from radiographic images, such as, 
for example, an atomic number image representing estimated 
atomic numbers associated With radiographic images. 
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[0014] The OSR processor 102 can obtain, request or 
receive the images 104 via a Wired or Wireless connection, 
such as a network (e.g., LAN, WAN, Wireless netWork, Inter 
net or the like) or direct connection Within a system. The OSR 
processor 102 can also receive the images 104 via a softWare 
connection (e.g., procedure call, standard object access pro 
tocol, remote procedure call, or the like). In general, any 
knoWn or later developed Wired, Wireless or softWare connec 
tion suitable for transmitting data can be used to supply the 
images 104 to the OSR processor 102. The OSR processor 
102 can be requested to segment images by another process or 
system, or can request images for segmenting from another 
process or system. If the images 104 include more than one 
image, the images can be registered prior to being sent for 
segmentation. 
[0015] The OSR processor 102 processes the images 104 to 
segment the images 104 and identify objects Within the 
images 104. The OSR processor 102 can also extract or iden 
tify layers (or estimated layers) Within the images in order to 
help segment the images more accurately. The layer informa 
tion can also be used to correct or adjust estimated atomic 
numbers in an atomic number image or map. The atomic 
number image or map can include a representation of esti 
mated atomic numbers determined from the images 104. 
[0016] Once the images 104 have been segmented and the 
layer information has been determined, regions of interest 
(ROIs) Within the images 104 can be located or determined. 
The ROIs can be determined based on an image characteristic 
such as estimated atomic number of the ROI (or object), shape 
of the ROI, position or location of the ROI, or the like. The 
OSR processor 102 can provide ROI/object coordinates 106 
as output. The ROI/object coordinates 106 can be associated 
With the input images 104 or an atomic number image. The 
output ROI/object coordinates 106 can be outputted via a 
Wired or Wireless connection, such as a netWork (e.g., LAN, 
WAN, Internet or the like) or direct connection Within a 
system. The output ROI/object coordinates 106 can be out 
putted via a softWare connection (e.g., response to a proce 
dure call, standard object access protocol, remote procedure 
call, or the like). 
[0017] FIG. 2 is a block diagram of an exemplary object 
segmentation recognition processor shoWing an exemplary 
OSR processor in detail. In addition to the components 
already described above, the OSR processor 102 includes a 
segment processing section 202 having a connected region 
analysis module 204, an edge analysis module 206, a ratio 
layer analysis module 208 and a blind source separation 
(BSS) layer analysis module 210. The OSR processor 102 
also includes an object ROI section 212 having a layer analy 
sis and segment association module 214 and an object ROI 
determination module 216. 

[0018] In operation, the segment processing section 
receives the images 104. Once received, the images 104 can 
be processed using one or more image segmentation modules 
(e.g., the connected region analysis module 204, the edge 
analysis module 206, or a combination of the above). It Will be 
appreciated that the segmentation modules shoWn are for 
illustration purposes and that any knoWn or later developed 
image segmentation processes can be used. Also, the selec 
tion of the number and type of image segmentation modules 
employed in the OSR processor 102 may depend on a con 
templated use of an embodiment and the selection may be 
guided by a number of factors including, but not limited to, 
type of materials being scanned, con?guration of the scan 
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ning system and objects being scanned, desired performance 
characteristics, time available for processing, or the like. The 
individual segmentation processes, layer analysis processes, 
or both may be performed sequentially or in parallel or a 
combination of the above and in any suitable order. 
[0019] Once the segmentation processing (object segmen 
tation, layer analysis, or both) has been completed, the result 
ing image segment data can be provided to the object ROI 
section 212. In the object ROI section 212, the layers and 
segments of the image segment data are analyZed using layer 
analysis and segment association module 214 and combined 
or associated to produce segment-layer data that contains 
information about objects and layers Within the images 104. 
The images 104 can be processed by one or more layer analy 
sis modules (e.g., the ratio layer analysis module 208, the BSS 
layer analysis module 210, or a combination of the above) 
Within the layer analysis and segment association module 
214. 
[0020] The segment-layer data can be in the form of an 
atomic number image that represents a composite of the 
images 104 and has been adjusted or corrected based on 
layers and segments to provide an image suitable for identi 
?cation of ROIs. The segment-layer data can also be repre 
sented in any form suitable for transmitting the information 
that may be needed to analyZe the images 104. The segment 
layer data is then provided to the object ROI determination 
module 216 for analysis and identi?cation of ROIs. 
[0021] The object ROI determination module 216 can use 
one or more image characteristics to identify ROIs Within the 
images 104 or the segment-layer data. Image characteristics 
can include an estimated atomic number for a portion of the 
image (e.g., a pixel, segment, object, region or the like), a 
shape of a segment or object Within the image, or a position or 
location of an object or segment. In general, any image char 
acteristic that is suitable for identifying an ROI can be used. 
[0022] Once the ROIs have been determined, coordinate 
data (106) representing each ROI can be provided as output. 
The output can be provided as described above in connection 
With reference number 106 of FIG. 1. Also, segment-layer 
data or an adjusted or corrected atomic number image can be 
provided in addition to, or as a substitute for, the ROI coor 
dinates. 
[0023] FIG. 3 is a ?owchart shoWing an exemplary com 
puter implemented method for image segmentation. Process 
ing begins at step 302 and continues to step 304. 
[0024] In step 304, one or more radiographic images are 
obtained. These images can be provided by an imaging sys 
tem (e.g., an x-ray, magnetic resonance imaging device, com 
puteriZed tomography device, or the like). In general, any 
imaging device suitable for generating images that may 
require segmenting can be used. Processing continues to step 
306. 
[0025] In step 306, the radiographic images are segmented. 
The segmentation can be performed using one or more image 
segmentation processes. Examples of segmentation methods 
include modules or processes for segmentation based on clus 
tering, histograms, edge detection, region groWing, level set, 
graph partitioning, Watershed, model based, and multi-scale. 
Processing continues to step 308. 
[0026] In step 308, any layers present in the images are 
determined. The layers can be determined using one or more 
layer extraction or identi?cation processes. For example, a 
ratio layer analysis process and a BSS layer analysis process 
can be used together to identify layers in the images. For 
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example, using the layer analysis module 214 mentioned 
above. A goal of layer identi?cation and extraction is to 
remove overlapping effects Which may be present. By remov 
ing overlapping effects, the true gray level of a material can be 
determined. Using the true gray level, a material’s effective 
atomic number (and, optionally, material density) can be 
determined. Using the effective atomic number the compo si 
tion of the material can help in determining illicit materials, 
such as special nuclear materials can be detected automati 
cally. 
[0027] The ratio method of layer identi?cation and overlap 
effect removal is knoWn in the art as applied to dual energy 
and is described in “The Utility of X-ray Dual-energy Trans 
mission and Scatter Technologies for Illicit Material Detec 
tion,” a published Ph.D. Dissertation by Lu Qiang, Virginia 
Polytechnic Institute and State University, Blacksburg, Va., 
1 999, Which is incorporated herein by reference in its entirety. 
Generally, the ratio method provides a process Whereby a 
computer can solve for one image layer and remove any 
overlapping effects of another layer. Thus, regions that over 
lap or may be obscured can be separated into their constituent 
layers and a true gray level can be determined for each layer. 
The true gray level can be used to more accurately determine 
an estimated atomic number an/or material type. 
[0028] Blind source separation (or blind signal separation) 
is a technique knoWn in the art, and refers generally to the 
separation of a set of signals from a set of mixed signals, 
Without the aid of information (or With very little information) 
about the source signals or the mixing process. HoWever, if 
information about hoW the signals Were mixed (e. g., a mixing 
matrix) can be estimated, it can then be used to determine an 
un-mixing matrix Which can be applied to separate the com 
ponents Within a mixed signal. 
[0029] The BSS method may be limited by the amount of 
independence betWeen materials Within the mixture. Several 
techniques exist for estimating the mixing matrix, some 
include using an unsupervised learning process. The process 
can include incrementally changing and Weighting coef? 
cients of the mixing matrix and evaluating the mixing matrix 
until optimal conditions are met. Once the mixing matrix is 
estimated, un-mixing coef?cients can be computed. 
Examples of some BSS techniques include projection pursuit 
gradient ascent, projection pursuit stepWise separation, ICA 
gradient ascent, and complexity pursuit gradient ascent. In 
general, an iterative hill climbing or other type of optimiZa 
tion process can be used to estimate the mixing matrix and 
determine an optimal matrix. Also, contemplated or desired 
performance levels may require development of custom algo 
rithms that can be tuned to a speci?c empirical terrain pro 
vided by the mixing and un-mixing matrices. Once the layers 
are identi?ed and overlapping effects are removed, process 
ing continues to step 310. 
[0030] In step 310, segments that have been identi?ed are 
associated With any layers that have been determined or iden 
ti?ed in step 308. Associating segments With layers can help 
to remove any overlapping effects and also can improve the 
ability to determine a true gray value for a segment. Process 
ing continues to step 312. 
[0031] In step 312, ROIs are determined. The ROIs can be 
determined based on an image characteristic as described 
above. Processing continues to step 314. 
[0032] In step 314, a gray level atomic number image is 
optionally adjusted to re?ect the corrections or adjustments 
provided by the layer determination. The adjustments or cor 
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rections can include changes related to removal of overlap 
effects or other changes. Processing continues to step 316. 
[0033] In step 316, the ROI coordinates and, optionally, the 
adjusted or corrected gray level image are provided as output 
to an operator or another system. The output can be in a 
standard format or in a proprietary format. Processing con 
tinues to step 318 Where the method ends. It Will be appreci 
ated that steps 304-316 can be repeated in Whole or in part to 
perform a contemplated image segmentation process. 
[0034] FIG. 4 is a block diagram of an exemplary object 
segmentation recognition apparatus shoWing data How and 
processing modules. In particular, four gray scale radio 
graphic images (402-408), each generated using a different 
energy level, are provided to an effective Z-value determina 
tion module 410. The effective Z-value determination module 
determines a pixel-level Z-value gray scale image 412. 
[0035] The pixel-level Z-value gray scale image 412 can be 
provided to an image segmentation and layer analysis module 
414. The segmentation and layer analysis module 414 seg 
ments the image and analyZes layers, as described above, to 
generate a layer corrected image representing true gray val 
ues, ROI coordinates, or both. 
[0036] It Will be appreciated that the modules, processes, 
systems, and sections described above can be implemented in 
hardWare, softWare, or both. Also, the modules, processes 
systems, and sections can be implemented as a single proces 
sor or as a distributed processor. Further, it should be appre 
ciated that the steps mentioned above may be performed on a 
single or distributed processor. Also, the processes, modules, 
and sub-modules described in the various ?gures of the 
embodiments above may be distributed across multiple com 
puters or systems or may be co-located in a single processor 
or system. Exemplary structural embodiment alternatives 
suitable for implementing the modules, sections, systems, 
means, or processes described herein are provided beloW. 

[0037] The modules, processors or systems described 
above can be implemented as a programmed general purpose 
computer, an electronic device programmed With microcode, 
a hard-Wired analog logic circuit, softWare stored on a com 
puter-readable medium or signal, a programmed kiosk, an 
optical computing device, a GUI on a display, a netWorked 
system of electronic and/or optical devices, a special purpose 
computing device, an integrated circuit device, a semicon 
ductor chip, and a softWare module or object stored on a 
computer-readable medium or signal, for example. 
[0038] Embodiments of the method and system (or their 
sub-components or modules), may be implemented on a gen 
eral-purpose computer, a special-purpose computer, a pro 
grammed microprocessor or microcontroller and peripheral 
integrated circuit element, anASIC or other integrated circuit, 
a digital signal processor, a hardWired electronic or logic 
circuit such as a discrete element circuit, a programmed logic 
circuit such as a PLD, PLA, FPGA, PAL, or the like. In 
general, any process capable of implementing the functions 
or steps described herein can be used to implement embodi 
ments of the method, system, or a computer program product 
(software program). 
[0039] Furthermore, embodiments of the disclosed 
method, system, and computer program product may be 
readily implemented, fully or partially, in softWare using, for 
example, object or object-oriented softWare development 
environments that provide portable source code that can be 
used on a variety of computer platforms. Alternatively, 
embodiments of the disclosed method, system, and computer 
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program product can be implemented partially or fully in 
hardware using, for example, standard logic circuits or a 
VLSI design. Other hardWare or software can be used to 
implement embodiments depending on the speed and/ or e?i 
ciency requirements of the systems, the particular function, 
and/ or particular softWare or hardWare system, microproces 
sor, or microcomputer being utiliZed. Embodiments of the 
method, system, and computer program product can be 
implemented in hardWare and/or softWare using any knoWn 
or later developed systems or structures, devices and/or soft 
Ware by those of ordinary skill in the applicable art from the 
function description provided herein and With a general basic 
knowledge of the computer, image processing, radiographic, 
and/ or threat detection arts. 

[0040] Moreover, embodiments of the disclosed method, 
system, and computer program product can be implemented 
in softWare executed on a programmed general purpose com 
puter, a special purpose computer, a microprocessor, or the 
like. Also, the method of this invention can be implemented as 
a program embedded on a personal computer such as a 
JAVA® or CGI script, as a resource residing on a server or 

image processing Workstation, as a routine embedded in a 
dedicated processing system, or the like. The method and 
system can also be implemented by physically incorporating 
the method into a softWare and/ or hardWare system, such as 
the hardWare and softWare systems of multi-energy radio 
graphic cargo inspection systems. 
[0041] It is, therefore, apparent that there is provided, in 
accordance With the present invention, a method, computer 
system, and computer softWare program for image segmen 
tation. While this invention has been described in conjunction 
With a number of embodiments, it is evident that many alter 
natives, modi?cations and variations Would be or are apparent 
to those of ordinary skill in the applicable arts. Accordingly, 
Applicant intends to embrace all such alternatives, modi?ca 
tions, equivalents and variations that are Within the spirit and 
scope of this invention. 

What is claimed is: 
1. A system for segmenting radiographic images of a cargo 

container, the system comprising: 
an object segmentation recognition module adapted to per 

form a series of functions including: 
receiving a plurality of radiographic images of a cargo 

container, each image generated using a different 
energy level; 

segmenting each of the radiographic images using one 
or more segmentation modules to generate segmenta 
tion data representing one or more image segments; 

identifying image layers Within the radio graphic images 
using a plurality of layer analysis modules by provid 
ing the plurality of radiographic images and the seg 
mentation data as input to the layer analysis modules, 
and determining adjusted atomic number values for 
an atomic number image based on the image layers; 

adjusting the atomic number image based on the 
adjusted atomic number values for the regions of 
interest to generate an adjusted atomic number image; 

identifying regions of interest Within the adjusted atomic 
number image based on an image characteristic; and 

providing coordinates of each region of interest and the 
adjusted atomic number image as output. 

2. The system of claim 1, Wherein the plurality of radio 
graphic images are generated using four energy levels. 
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3. The system of claim 1, Wherein identifying regions of 
interest includes comparing an estimated atomic value of 
each image segment to a threshold value. 

4. The system of claim 1, Wherein the plurality of layer 
analysis modules include a ?rst layer analysis module and a 
second layer analysis module and the function of identifying 
image layers includes combining the output of the ?rst layer 
analysis module With the second layer analysis module. 

5. The system of claim 1, Wherein the image characteristic 
is an estimated atomic value of a portion of the atomic number 
image. 

6. The system of claim 1, Wherein the image characteristic 
includes an image segment shape. 

7. The system of claim 1, Wherein the function of providing 
coordinates of each region of interest includes providing the 
coordinates of each region of interest and the corrected 
atomic number image to an operator station. 

8. The system of claim 1, Wherein the function of providing 
coordinates of each region of interest includes providing the 
coordinates of each region of interest and the corrected 
atomic number image to another system. 

9. A method for segmenting radiographic images compris 
ing: 

providing a plurality of radiographic images; 
providing a pixel level estimated atomic number image; 
segmenting the radiographic images using one or more 

segmentation modules to generate segmentation data; 
identifying image layers Within each of the radiographic 

images; 
analyZing the image layers using the plurality of radio 

graphic images and the segmentation data in order to 
determine corrected atomic number values for objects in 
the images; 

correcting the pixel level atomic number image based on 
the corrected atomic number values to generate an object 
level atomic number image; 

identifying regions of interest Within the object level 
atomic number image based on an image characteristic; 
and 

outputting coordinates of each region of interest and the 
object level atomic number image as output. 

10. The method of claim 9, Wherein the plurality of radio 
graphic images are images of a cargo container. 

11. The method of claim 9, Wherein the plurality of radio 
graphic images includes four images each image being gen 
erated using a different energy level. 

12. The method of claim 9, Wherein identifying regions of 
interest includes comparing an estimated atomic value of 
each image object to a threshold value. 

13. The method of claim 9, Wherein the step of identifying 
image layers includes using a ?rst layer analysis module and 
a second layer analysis module and combining the output of 
the ?rst layer analysis module With the second layer analysis 
module. 

14. The method of claim 9, Wherein the image character 
istic is an estimated atomic value of a portion of the object 
level atomic number image. 

15. A radiographic image segmentation apparatus com 
prising: 
means for receiving a radiographic image; 
means for segmenting each of the radiographic images 

using one or more segmentation modules to generate 
segmentation data; 
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means for identifying image layers to produce image layer 
data; 

means for identifying regions of interest based on the seg 
mentation data and image layer data; 

means for analyZing the image layers in order to determine 
corrected atomic number values for the regions of inter 
est; 

means for correcting an atomic number image based on the 
corrected atomic number values for the regions of inter 
est; and 

means for outputting region of interest coordinates and the 
corrected atomic number image as output. 

16. The apparatus of claim 15, Wherein the radiographic 
image is an image of a cargo container. 
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17. The apparatus of claim 15, Wherein the means for 
receiving a radiographic image further includes means for 
receiving a plurality of radiographic images. 

18. The apparatus of claim 17, Wherein each radiographic 
image is generated using a different energy level. 

19. The apparatus of claim 18, Wherein the means for 
analyZing the image layers includes using the plurality of 
radiographic images and the segmentation data. 

20. The apparatus of claim 15, Wherein the means for 
identifying image layers includes ?rst means for identifying 
image layers and second means for identifying image layers, 
the image layer data being produced using output from the 
?rst means for identifying image layers and output from the 
second means for identifying image layers. 

* * * * * 


