Target identification in multi- and dual-energy

, ALERT computed tomograpny
-

Brian H. Tracey and Eric L. Miller
Electrical and Computer Engineering, Tufts University {btracey, elmiller}@eecs.tufts.edu

We seek to exploit dual- and multi- Physical Model and Approach Patch-based Stabilization of PE image Inversion Level Set Localization of Materials of Interest
energy measurements in computed
Dual- or multi-energy scanners can

tOmOgraphy (CT) to characterize exploit energy-dependence of X-ray

material properties as well as ObJECt absorption to obtain material — Loy PE reconstruction - * Model the Compton and PE images as a spatially varying
geometry. Material characterization is identification. @ background, and a homogenous “foreground”

ntuition: Overall geometry is expected to be similar We use Parametric Level Sets (PaLS) [8] to identify the
oetween Compton and PE, so use Compton image to guide foreground, i.e. location of targeted materials

Dual-Energy Spectra

_ 1) Calculate patch similarities from more 2) Apply patch similarities to smooth the ] ] ] ] ]
Region Q2 is parameterized using shape functions

performed by decomposmg the scene L — LI Averaging Prior knowledge is used to constrain the material values

into Compton and photoelectric (PE) 1) We capture energy dependence I — Pt e el allowed in foreground region

scattering functions. While well with a polyenergetic physical model: Good match = i - If bag does not contain material of interest, region Q

: : .. : : Yl.= [ S(E)e AiH(E) JF Poor match | disappears — thus method detects and segments object
motivated physically, this inversion is [Y]i=J S(E) |

Il
challenging due to the lack of 2) We express data as sum of physics-based basis functions - @ Encourages PE estimate to match NLM- Example 1: suitcase phantom

4) Iteratively solve equations 3) Define regularization term that
. . . . - Minimize data mismatch + Rn/ smoothed estimate o . .
giving Compton scatter and photoelectric effect images [4,5] Mooronch oromosed by Busdles ot of R = a3 ()~ MO, ) * |nitial reconstruction is
: . Y NLM — ANLM Pp\J) — Pb
Compton scatter photoelectric effect (PE) 2006, for image deblurring - packground only

| | S | ' F truction is
u(x,y,E)=fiy (E)a; (x, )+ f, (E)ay (x,y) OTERTOLI T
N ‘ P P For suitcase phantom, patch-based result (right) done at higher resolution

Note, PE inversion is much less stable due to low sensitivity improves over previous edge-based method [2] (left) e Approach lets us focus
3) We apply iterative reconstruction algorithms [2] Edge regularization: Compton | NLM regularization: Comptor | computation where needed

stable Compton data PE image
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sensitivity in the data to photoelectric
variations. Moreover, our prior
knowledge for materials of interest is
imperfect. We propose a model-based,
polyenergetic iterative approach which

includes patch based regularization Challenges and proposed solutions: O omm = = | Example 2: high-noise case

terms to stabilize inversion, and uses : | = - e Background estimate has high
level set methods to localize explosives » Develop methods to stabilize PE image reconstruction variation in estimates

: - Make use of patch-based regularization techniques ! ' ! ! | | ' ! Foreground result stabilizes stimated Shape
or contraband based on imperfect d g G : _ .  Coimatedshr

.. : e Exploit imperfect knowledge of materials of interest the estimates (within 5% of
prior information. The approach

. - Use level sets to find “foreground”, i.e. objects of interest | | — : grour?o.l tru.th), aiding material
appears promising for future dual- and identification

multi-energy CT systems.
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