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¢ X-ray imaging systems are ubiquitous, non-invasive inspection tools used * X-ray simulation requires volumetric information, but triangle-meshes Simulated projections:
in transportation security. describe surfaces. rObJer:tsurfaceﬁle (T0t8| of 45 objects consisting of 300k tria ngular facets)
« We are currently investigating information-theoretic methods for * Surfaces can represent '+ Position H[Su't:f:fea::ter} _
analyzing X-ray threat detectability and system performance. boundaries between gi?éitaﬁon Counter detector — 3 orthogonal views
* In order to provide sufficient statistical data for this exploration of X-ray h_om?geneous me!terlals, '+ Material identifier [SUit:uarsfea;Z”er]
detectability, millions of X-ray images of benign and threat-containing }”eld'”g \folumetrlc *
bags must be analyzed. This would be extremely time-consuming to mforma’uon. — ———— —
acquire via actual X-ray machines. * Storing surface metadata as [ e J L rtae | [ gl J
L : : : : . a tree allows us to track the
* A rapid simulation tool is therefore required to generate high-quality, . . " lari )
. : . . current material interaction. arnnee
simulated X-ray images from plausible bag descriptions. _ _ | surface |
* Tree structures potentially
S.pe_e.d Up ray-tracing by Olive 1 outer [ Olive 2 outer } ~ | Olive N outer Energy-resolving detector
limiting the number of surface surface surface

20-30 keV 50-60 keV 80-90 keV 110-120 keV 140-150 keV 190-200 keV
R R e

triangles that incoming

rays may intersect. l E
X-ray baggage scanner Example of bag radiography
. . L . Timing and cost:
e Each ray is treated independently, making it a natural fit for GPU _g , , | _ ,
. . * Asingle machine with a GTX 770 card can simulate images from more
implementation.

than 5000 bags in an hour.
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. Mosr: j)(lstmg X-ray imaging simulation tools exploit Monte Carlo * NVIDIA OptiX is utilized to trace rays through objects and detector facets. - Implementation time is linear in number of rays, facets and GPU
methods: Object tree Instances.
s Vv TI;e n:jos’: gccur;lte'SImulatlon * Further computational improvement has been observed with cloud-
4 i of underlying physics - _ ~ - ~ - ~N :
I Exit X High computational cost Incoming rays S | . based computing platforms.
npu photons — 2 intersected Material — photon
photons @ ¢ g ; y triangles | weights # of Detector Elements Approx. Time for 1M PProx. Cost for 1M ba
- e ot sufficient gt G - N - N 200 (counting) 2 hours S 130
. is approach is not sufficiently rapid for our purposes. riangular i f
PP y Tap purp facats pistance to Updated 200 (energy) 2 hours S 130

incident > rays’
\- ) L facets , _Properties | 200 x 200 (counting) / hours S 455
200 x 200 (energy) 16 hours S 975

advancement in computer graphics and ray-tracing.
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Rapid X-ray Imaging — deterministic approach Object models Random bag generator Input queues 2. Amazon Elastic
_ LOCl SEIVEr et P Compute Cloud
No photon scattering — Model photon absorption (Job submission) *————————= |

Output queues

- Ray tracing .
- BEER’s Attenuation law Object Model
Construction

Source

Objects Detector

: : R ith lated . NNt . . —
Voxel Simulation aght:,'conﬁeofg'ﬁt? * Introduced a rapid GPU-based pipeline for simulation of X-ray transmission
v/ Natively volumetric Imaging.
X Resource intensive * High-performance OptiX API used for ray-tracing computations.
Faceted object surface * High-fidelity X-ray photo-absorption measurements can be simulated over
Photon/IV!atter Ray with attenuated a broad energy domain (20-200 keV).
Interaction photon ‘weight’ * By using a cloud-based GPU computing platform, 1 million realistic bag

Main descriptor for 3D model Previously determined ray/triangle intersection

X-ray Source

v Simpler ray tracing algorithm
X Complicated when describing
details; not volumetric

projections can be delivered in approximately 2 hours with 100 GPUs.

Ray aimed at Detector surface
detector elements | | |

riangle-mesh surface 2 X-ray Detector |
Simulation source
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v/ Low resource requirements
X Not inherently volumetric

Model used

Detector over Photon weights of ray scaled by y
W, sampling possible solid angle of detector area Program.




