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AbstractAbstract
We present a novel polychromatic dual energy computed tomography (CT)
method for the detection of objects, particularly explosives, whose
chemical properties are assumed to be known with some level of
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Polychromatic CT FormulationPolychromatic CT Formulation Reconstruction ExamplesReconstruction Examples
 40dB white Gaussian noise simulates detector read‐out noise
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 Solution via a constrained optimization problemchemical properties are assumed to be known with some level of
uncertainty. Specifically, we assume that chemical properties of materials
are uniquely defined by energy independent Compton scatter and
photoelectric absorption coefficients and particular type of explosives are
characterized by an elliptical region in the Compton scatter photoelectric
coefficient space. The solution, distinct images of Compton scatter and
photoelectric absorption coefficients, is obtained via an optimization
process where the prior knowledge about the characteristics of explosive
objects is imposed as hard constraints. The boundaries of the explosive
objects are determined by a level set approach and the background
images are represented using a low order basis expansion method. Error in
the photoelectric coefficient reconstruction is reduced by employing a

 150 Projections for 30 uniformly distributed angles between 0˚ and 180˚

 20x20cm images are discretized into 100x100 pixels

 4x4 pixel sized background basis functions

 144 expansion coefficients for the object function

Comparison with a dual energy filtered back projection method0 20 40 60 80 100 120 140
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 Solution via a constrained optimization problem

 Penalized least squares approximation for Poisson log‐likelihood [3]

    

1minimize ( , ) ( ( ) ) ( ( ) ) ( )
2

subject to ( , )

               , , for 1,...,

T

a a

pi i

F K K R

p c

i N

    



 

θ λ θ m θ m a

Bβ Bα

 Allowable values for the contrast of the object is 
represented by an elliptical region in ca pa space

 Also corresponds to pairs of values that cannot be found the photoelectric coefficient reconstruction is reduced by employing a
regularizer which favors a photoelectric absorption image that is
structurally similar to the Compton scatter image. A DICOM image of a CT
scan of a duffle bag and an artificial image with piecewise constant objects
with various shapes and intensities are used as phantoms. Computer
simulations show that the algorithm successfully locates the explosive
objects if any are present and provides an adequate characterization of
background clutter. Therefore the algorithm can be implemented on a real
CT scanner.
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fKN :  Klein-Nishina cross section

 ( x , y )= fKN ( E )ac ( x , y ) f p ( E ) a p ( x , y )

f p  1 / E3

 X‐ray attenuation is due to Compton scatter and photoelectric effect
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( )d , :  Known scatter signal
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 Two sets of non‐linear inequality constraints
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Three-Level Strategic Approach
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Research
Drivers

Proof‐of‐Principle

 Attenuation is a linear combination of energy dependent functions and 
space dependent Compton and PE coefficients

 Goal: determine the coefficients as a means of characterizing chemical 
composition of the scene

 Problem: vastly differing sensitivities complicate stable recovery of PE

 Properties(Compton and P.E. coefficients) of objects are known to 
some degree

 For the objects, level set representation is suitable

 Basis expansion is used for level set function as well the background

Representation of Photoelectric and Compton ImagesRepresentation of Photoelectric and Compton Images
.
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 Second is a correlation type of 
metric enforces the structural 
similarities between two images
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State of Art State of Art 
 Dual energy x‐ray tomography allows material characterization[1].

 U d f l i f li i h

Level 1
Fundamental 
Science

F1: Explosives
Characterization
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Barriers

p
Tests of Research  Basis expansion is used for level set function as well the background 
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Compton Scattering
Photoelectric Absorption

 Used for large variety of applications such as

 Non‐destructive material evaluation

 Aviation Security

 Bone densitometry

 Filtered Back Projection (FBP) based methods for luggage screening [4] 

 Image based iterative methods are efficient for medical imaging [5]
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 Traditionally, sample on a dense grid and 
estimate samples (e.g., distance function )
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Research to RealityResearch to Reality
 Opportunity to decrease false alarm rate for checked luggage scan for 
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 Leads to numerical issues

 Parametric representation of  the level set 
function is  beneficial

 RBF’s Arranged on a regular grid , provide local 
control of geometry

 Optimize Heights 

explosive materials 

 Image based reconstruction is immune to artifacts such as scatter [2]

 The method can be tested with data from real scanners 


