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SPDE-Pixel Performance: SD vs. Mean of Compton and Photoelectric
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*Z.Ying, R. Naidu and C. Crawford, €»Dual Energy Computed Tomography for Explosive
Detection,€ Journal of X-ray Science and Technology 14 (2006), pp 235-256.




SPDE-Pixel Performance: Photoelectric mean vs. Compton mean
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SPDE-Pixel Results
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SPDE Direct Object-based labeling

DE likelihood
130KV Xrec image based labeling SPDE-Object

Metal
corrupts
nearby
object
properties

= |n general, Photo-Compton images not used for
segmentation

= |dea: Directly estimate object labels and boundaries from
dual-energy data

= Approach: metal class, explicit boundary model,
homogeneous object model, downweight data near metal | Rubbersheet
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SPDE-Object Results

Object
localization and
labeling robust
to streaks and
presence of
metal
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SPDE Method Description

Data weighting Explicit |

for metal effect bo_undary field

mitigation to Improve
localization,

Markov field for reduce artifacts

smooth

properties
Pixel-Based Object-Based
= Form photoelectric and Compton pixel | = Direct formation of material-label image
property images from dual-energy images

= Nonlinear tomographic inversion = Learn appearance models from training

data
= Efficient graph-cut framework for

optimization
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Formulation of SPDE-Pixel

Observed 130 and 95 data sinograms Photoelectric and Photoelectric and

/\ Compton sinograms Compton images

minimize Hzl - N1 (yp:yc)llg + ||22 — f2(yp: yc)”% + Hyp - Tmp”%b’z + [|ye — Tﬁcc”%ﬂ”z

(yj?ayﬂa-rp,l’n,s)

+ Ml|Dpl[fy, + A2l [Dclly, + Asllzpl[3 + Aallzel[3 + As|| Ds|[3 + e 3113

subject to yp, Ye, Tp, Te = 0

Mutual object

= Edge-preserving prior boundary
= [terative solution via coordinate descent
= Splitting-based, using auxiliary variables
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Low weights to rays through metal
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Smoothing with mutual object boundary

% lterate \

Compton image Photoelectric image Object oundary field

Smooth inside objects while retaining object boundaries
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SPDE-Pixel Results
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SPDE-Pixel
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SPDE-Pixel Results

Ying et. al SPDE-Pixel
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Formulation of SPDE-Object

1) Learn appearance models 2) Down-weight data

from dual-energy data close to metal
500r1
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Formulation of SPDE-Object

Boundary-field

3) Object boundary controls smoothing:
= Smooth in areas far from an edge

= Don’t smooth across an edge

4) Efficient solution using Graph-Cuts

mn

minizmize ;‘Ui (— lnp(ui‘li))

such that [; € {1,...,m}

Department of Electrical & Computer Engineering



SPDE-ODbject Results
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SPDE -Object Results
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In presence of
artifacts objects
may be mislabeled,
but localization is
still good.
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SPDE Strengths and Weaknesses

Strengths:

= Pixel-based method reduces noise and metal artifacts in
photoelectric and Compton coefficient images while keeping
boundary localization

= Object-based method provides and accurate object segmentation
and labeling even in the presence of significant streaks

Weaknesses:

= Parameter tuning is time consuming

= Need accurate tomographic model

= SPDE-Pixel is computationally expensive
= Need sufficient training data
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Recommendation for Future Work

= Combine pixel-based and object-based methods in
unified framework for improved image quality and
accurate material labeling

= Study performance with features different than
photoelectric and Compton (e.g. learned features)

= Extend method to more than two energies and other
sensing modalities
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