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Introduction: Motivation & Overview

* The rise of globalization has caused a significant
increase in the amount of international cargo
transported to the U.S. by sea.

* This amplifies the necessity for methods to
safeguard ports-of-entry from undesirable
shipments (nuclear materials, biological agents,

drugs, weapons, etc.).
* The previous work of the POE group detailed a

multi-objective optimization approach to
determine the optimal sensor threshold level and

station sequence, incorporating misclassification
and measurement error.




Introduction: Port-of-Entry Problem

e Containers arrive at a port-of-entry for inspection
e n attributes tested independently

* Sensors used to classify attributes of a container as
safe (d:=0) or suspicious (d=1) based on selected
threshold values T; for station /

e Overall accept/reject decision D is based on
specified Boolean function of station decisions

e Parallel e Parallel-Series
e Series e Series-Parallel
e Network
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Simple Probabilities of Error
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Shielding of Special Nuclear Materials
In the POE Detection Problem
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Figure 3. Fit of the unattenuated **U spectrum.,
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Figure 9. Fit of the unattenuated ***Pu spectrum.
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Figure 10 Fit of ™Pu spectrum with 1 mm of lead shielding.
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Figure 11. Fitof ™Pu spectrum ‘with 2 mm of lead shleldmg.
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Figure 12. Fit of 2*Pu spectrum with 3 mm of lead shleldmg.
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Emissions Breakdown
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>Gamma radiation is the main type of
detectable radiation for U and Pu (SNM)

Thermal cross section (barn)
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Detection Process
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Modeling Approach

Gamma Spectrum Shielding Scintillation Counter

Gamma Spectrum

T

T
2 —UyT,

PE

Pi = (1 - e—uzrz)

N ~ Poisson(N (1= e')“t))

emitted
= N, ~ Poisson(NO(l —ep.p,- e"”)

> We view N0 and T as parameters and investigate the relationship
between the the number of observed particles, the source mass, and the
shielding thickness




Preliminary Results

CDF of N, for 100 counts
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Detection Algorithm

e Given an emissions count Nobs, if we can
estimate the shielding thickness (via active
gamma radiography, an x-ray sensor, etc.) we
have a density function for the source mass

 We can then use this density function in an
improved detection algorithm that reduces
misclassification error




Distributions

Beta Distribution for Shielding Thickness

Lo
L — f'".
/!

S
i

ol

o

00

=24
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Next Steps

e Use the background radiation spectrum to
construct the “good” distribution for cargo

containers

e Use the same optimization approach as before
(with the new distributions) to optimize the
sensor threshold level to minimize the
expected cost
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