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Beer’s law

We performed  Singular Value Decomposition (SVD) analysis on some examples of LACs of 

explosive and non-explosive materials (following [2]).

• Collect examples of sampled-LAC-curves of materials

(in our case - 84 explosive and 40 non-explosive compounds [3,4]).

• Put the curves in the columns of a matrix

• Compute the SVD of the matrix

The results:

• X-ray measurement is related to the Linear attenuation Coefficient (LAC)

• Different for each material

• For a mixture or compound:

A Learning-Based Method for Explosives 

Detection from Multi-Energy X-ray 

Computed Tomography Measurements
Limor Eger, Synho Do, Prakash Ishwar, Homer Pien , W. Clem Karl

limor@bu.edu, sdo@partners.org, pi@bu.edu, hpien@partners.org , wckarl@bu.edu

Motivation

ALERT

Three-Level Strategic Approach

Level 3: Grand 

Challenges

Level 2

Enabling 

Technology:

Testbeds

Level 1

Fundamental 

Science

C1: Ultra-Reliable

Screening

C3: Unequivocal Pre-

& Post-Blast 

Mitigation

C2: >50 meter 

Stand-Off Discovery 

and Assessment

C4: Rapid & Thorough 

Preparedness and 

Response

F1: Explosives

Characterization

F2: Explosives

Detection Sensors

F3: Explosives 

Detection Sensor 

Systems

F4: Blast

Mitigation

T1: Multimodal 

Suicide Bomber 

Detection

T2: Trace 

Explosives 

Detection/Screening

T3: VBIED

Signatures

Testbed
T5: Roaming Ex-

plosives Detection

Sensor Suite

T4: Multisensor

Luggage 

Scanner

Fieldable

Products

Teaming with

National Labs 

& Industry

Research

Drivers

Research

Barriers

Proof-of-Principle

Tests of Research

This material is based upon work supported by the U.S. Department of Homeland 

Security under Award Number 2008-ST-061-ED0001. The views and conclusions 

contained in this document are those of the authors and should not be interpreted 

as necessarily representing the official policies, either expressed or implied of the 

U.S. Department of Homeland Security. 

• The detection of explosives and illicit material is important for preventing terrorism and 

smuggling. 

• In luggage inspection, higher detection accuracy and lower false alarm rate are needed.

• X-ray Computed Tomography (CT) is a powerful technology, widely used for medical 

diagnosis and security. 

• X-ray attenuation depends on the material being scanned and is also a function of the energy 

of the incident X-ray photons. 

• Conventional CT is not enough to uniquely identify materials since polychromaticity of the 

X-ray photons is ignored.

• Multi-energy CT:

• achieved by taking multiple measurements with different source spectra or with energy-

selective detectors.

• provides more information about the attenuation at different energies, giving potential to 

differentiate between materials better.

• We would like to apply a machine-learning approach in order to classify between 

explosives and non-explosives using features related to the attenuation, which can be extracted 

from multi-energy measurements.

Which features, and how many of them, should we extract from multi-

energy measurements, such that the explosives are distinguishable from 

the non-explosives?
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Effect of feature choice on classification 

performance

• We examine how well different combinations of 2 SVD coefficients perform as features.

• We find the photoelectric and Compton coefficients of the LACs and test those 

coefficients as features. 

• Same experiment setup as in previous section. 

The results:
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Results of this study may lead to an improved CT based explosive detection system:

Future work will include:

• building a larger training set by finding more examples of materials

• finding better choices for basis functions and features

• incorporating the choice of optimal feature set into the complete MECT problem
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• Assumption:

• A common physics-based representation is [1]:

• The problem: photo-Compton model does not fit all materials.
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Effect of feature dimensionality on 

classification performance

• Project LAC-curves onto singular vectors

• Projection coefficients = features

• We take a subset of the coefficients. We train a Support Vector Machine (SVM) classifier 

on 80% of the labeled examples, test it on the remaining 20% of examples, repeat 1000 times 

and calculate the average correct rate. 

The results:

• Classification improves as feature dimensionality increases.

• It is possible to do better than with just 2 coefficients.

• The choice of features is not trivial.

• An “unexpected” combination of two SVD coefficients provides 

highest performance.

• It is possible to do better than with the photoelectric and Compton 

decomposition.
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Classification performance when using different 

combinations of two SVD coefficients and the 

photoelectric and Compton coefficients as features

Classification performance when using different 

numbers of SVD coefficients as features

• Singular values show: dimensionality of the LAC space > 2.

• Singular vectors: new basis functions.

http://physics.nist.gov/xcom

