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Obtain predetermined charged
particle tomography data
carresponding to track positions,
scattering angles and estimated
momentum of muons passing
through object volume
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Provide the probability distribution
of charged particle scattering based
on a statistical multiple scattering
model
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Find maximum likelihood estimate
of object volume density using
expectation maximization algorithm
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Output reconstructed object volume
scattering density for decision
making
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Identify the presenceltype of
object based on said recanstructed
volume density
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FIG. 15

(57) Abstract: Systems, apparatus, computer program products and methods for
charged particle detection including statistical reconstruction of object volume scat-
tering density profiles from charged particle tomographic data to determine the
probability distribution of charged particle scattering using a statistical multiple
scattering model and determine a substantially maximum likelihood estimate of
object volume scattering density using expectation maximization (ML/EM) algo-
rithm to reconstruct the object volume scattering density. The presence of and/or
type of object occupying the volume of interest can be identified from the recon-
structed volume scattering density profile. The charged particle tomographic data
can be cosmic ray muon tomographic data from a muon tracker for scanning pack-
ages, containers, vehicles or cargo. Such a method can be implemented using a
computer program which is executable on a computer.



t he object volune scattering density. The presence of
and/ or type of object occupying the volune of interest
can be identified fromthe reconstructed vol une
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