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Abstract

A GPUacceleratedray tracing algorithm is presented for

nearfield imagingin millimeter wave personnelscreening
systems Ray tracing i1s a well-known method for

approximating high frequency electromagnetic behavior

Raytracing theory is applied here to model the scattering
behaviorof the humanbody in the nearfield. Sinceall rays
can be computedindependently,the method is well suited

for implementation on graphics processingunits (GPUSs),
offering great speedupsn both 2D and 3D when compared
to conventional methods Realistic simulations were

performed using a triangular mesh representation of the

human body. The CUDAbased NVIDIAOptiX ray tracing

enginewasusedto computeray-triangleintersectionsanda

novel ray aggregationschemewas used to compute the

scatteredfield. Thistechnigue allows multiple frequencies
to be calculatedat no additionalcost Numericalresultsare

compareadwith Method of Momentssolutions

Real World Application

Personborne weapons and explosives present a major
threat to securityin airports and other highly populatedor
highly secureareas With the rise of nonmetal threats,
including improvised explosives, liquids, plastics, and
ceramicweapons, metal detectors are no longer sufficient
securitymeasuresMillimeter-waveimagingsystemsprovide
an alternative, usingnon-ionizing electromagneticradiation
to detectanyobjectunderneathanA y R A @dlokhidg f Q&

A new design has been developed to improve on the
limitations of current systems Computationalalgorithms
that are both fast and accurate are required in both the
design phase and implementation of improved scanners
Thesealgorithmsare neededto understandthe interactions
of radiation with realistichuman body types, weapons,and
explosivesto efficiently explore complex hardware sensor
designs, andto enable reattime imagereconstruction

Goal

The overall goal of this researcheffort is to create a next
generationwhole-body millimeter-wave imaging systemto
Improve on the detection capabilitiesof current systems
These improvements will be made by developing novel
hardwaredesignsandnovelalgorithms

Thegoalof the work presentedin this studyis to developa
reaktime algorithmfor simulationandimaging

Millimeter WaveRadarConfiguration

The design of the proposedsystemis shown in Figl. An
elliptical reflector antennais used to produce an incident
beam1 cmthick in elevation(z) Twoarraysof receiversare
used to capture the scattered signalfrom the body. This
configurationmovesalongthe z-axisto illuminate the entire
body[1]. T
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Figl. Proposedchardwaresetup

RayTracingAlgorithm
A transmitting point sourceis locatedin the far-field of the
Y S & Kri@ular facets Raysare traced to the scattering

Geometry
X Setup (CPU)
body and secondaryrays are computed by applying{ y St I L??_‘

law and an interpolation algorithmto find normalswithin a
triangle (Fig 2). Secondaryrays are traced until they reach
anarrayof receivers

Fig2. Tessellatedhumanbody modelandreflectedraysemanatingfrom chest

A ray aggregationtechnigueis usedat the receivingarrayto
calculatethe scatteredfield from individualray pathlengths
The recelving array Is discretized into segments (surface
patchesin 3D) the sizeof a half wavelength Any raysthat
terminate within a given segmentare added in a complex
sense

Technical Approach

GPUmplementation

The simulations conducted in this study were performed
using an NVIDIAGTX680 graphicscard, with 1536 CUDA
coresrunning at 1.006 GHz Eachray is computed on an
Independent thread. Fig3 illustrates the CUDAthreading
model, or the relationship between host, device, and
threads

Host (CPU)

Device (CUDA GPU)

Fig3. CUDAhreadingmodel

ThealgorithmwasimplementedusingCUDA4.2 and NVIDIA
OptiXEngine2.6. The OptiXEnginels a generalframework
for building ray-tracing based applications It providesthe

developer with flexible options for ray generation,
acceleration structures, and Iintersection programs The
flowchart for the algorithmdevelopedin this study is shown

in Fig 4.
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Fig4. Algorithmflowchart
Advantages over Conventional Methods

Conventional methods such as the Method of Moments or

Finite Difference Frequency Domain (FDFD) offer exact

solutions to scattering problems, but are slow (minutes or
hours) in 3D. Ray tracing speed depends on the number of

triangles, which can be discretized as large as a wavelength.
Ray tracing, unlike conventional methods, can also comput

multiple frequencies at no additional cost, offering
scattered field solutions on the order of seconds.

Results

Ray tracing I1s used as a forward method to calculate the
scatteredfields on a 90greceiverarc from 2D sliceson the z-axis
of the body (Fig5 a,b,c) A SARalgorithm is usedto generate
reconstructionsof the original slice Combiningthese slices
providesa 3D reconstructionof the human body. The results
generatedusingray tracing are comparedto results generated
with the Method of Moments A frequencyband of 7GHzwas
chosenfor the simulations
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Figure 5b. SAR images for a realistic torso, arms.
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Figure 5¢c. SAR images for a section of the torso with an object.

Conclusiongand FutureWork

The ray tracing algorithm in this study is capableof providing
scatteredfield solutionscomparableto the Method of Moments,
with the advantagethat solutionscan be computedin seconds
Future work Includes additional speed optimizations,
Implementing 3D ray aggregation,studyingthe accuracyof ray
tracing when introducing small scatterersthat mimic concealed
objects, and developing an imaging algorithm based on ray
tracing
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