Coded aperture X-ray scatter
imaging
Value Proposition
The ability to non-invasively image the molecular composition of
an object is desirable in a number of application areas such as
medical imaging, security, structural integrity veriﬁcation, and
homeland defense. While x-ray imaging is the most eﬀective
strategy for tomographic imaging in such applications,
conventional x-ray systems are not sensitive to molecular
composition. Also, scanning x-ray systems capture only a small
fraction of the radiation directed at the scanned object and are,
therefore, highly ineﬃcient. As a result, they require either x-ray
sources capable of high power to increase the available radiation
at the detector or long exposure times. In either case, this
exposes the scanned object to excessive amounts of x-ray
radiation, which can be undesirable in many applications. There
remains a need for an improved imaging system that
noninvasively ascertains the structural and molecular composition
of three-dimensional objects at high speed and with relatively
lower cost and complexity.
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Technology
Inventors at Duke University have developed a novel system for
noninvasively ascertaining the molecular composition of threedimensional objects. This technology is intended to be used for
applications including luggage scanning, cargo inspection,
explosives detection, and medical imaging. Speciﬁcally, this
technology can simultaneously image the structure and
composition of objects based on measurements of the low-angle
x-ray diﬀraction properties. This is achieved through the use of a
coded aperture that encodes spatial and spectral features onto
radiation scattered from image points within the object. In
addition, multiple x-ray projections can be made simultaneously
instead of sequentially as in conventional computed tomography
(CT) systems. The coded aperture acts as a reference structure
which disambiguates these superposed projections. By using
decompressive inference, the number of images required for a 3D
reconstruction is reduced. This approach enables snapshot
operation, which opens possibilities for video-rate x-ray imaging. A
prototype has been developed.

Advantages
A low-cost alternative to x-ray diﬀraction techniques
commonly used in applications such as baggage inspections
Can reduce x-ray dosing on an object
A smaller set of projections of the spatial and spectral
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features of an object need to be sampled to product an
accurate object material estimate, which would be
advantageous in a layout like a baggage scanner
Particularly well-suited for imaging objects whose size scale
is greater than 10 cm
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