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Introduc<on	
  



•  Radio	
  frequency	
  (RF)	
  propaga<on	
  
–  Transmission	
  of	
  radio	
  waves	
  
–  Behavior	
  affected	
  by	
  various	
  phenomena	
  

•  Possible	
  methodology	
  
–  Empirical	
  models,	
  FEM,	
  2N-­‐ray	
  models,	
  …	
  
–  Monte	
  Carlo	
  path	
  tracing	
  

Radio	
  frequency	
  simula<on	
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•  Ray	
  representa<on	
  
–  EM	
  wave,	
  same	
  direc<on	
  of	
  travel	
  
–  Direc<on	
  perpendicular	
  to	
  wavefront	
  

•  Ray	
  behavior	
  
–  Graphics	
  :	
  reflec<on,	
  refrac<on	
  
–  RF	
  simula<on	
  :	
  +diffrac<on,	
  +interference	
  

RFRT	
  –	
  radio	
  frequency	
  ray	
  tracing	
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RFRT	
  –	
  diffrac<on	
  

•  Wedge	
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•  Diffrac<on	
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without	
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RFRT	
  –	
  interference	
  

•  Construc<ve	
  v.	
  destruc<ve	
  
•  Ray/sensor	
  interac<on	
  

destruc5ve	
  construc5ve	
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RFRT	
  –	
  valida<on	
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Over	
  es5ma5on	
  
Under	
  es5ma5on	
  

Transmi(er	
  



S<ngRay	
  



•  Loosely-­‐coupled	
  components	
  
–  Simula<on	
  :	
  Embree	
  
–  Visualiza<on	
  :	
  OpenGL,	
  Embree,	
  OSPRay,	
  …	
  
–  GUI	
  :	
  Qt5	
  

•  Open	
  source	
  release	
  
–  Fully	
  interac<ve	
  sim/viz	
  environment	
  
–  Cross-­‐plagorm	
  support	
  
–  Coming	
  winter	
  2014	
  

S<ngRay	
  –	
  combined	
  RF	
  sim/viz	
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Simula<on	
  engine	
  



•  Ray-­‐based	
  RF	
  wave	
  propaga<on	
  
–  Dominant	
  RF	
  propaga<on	
  phenomena	
  
–  Full	
  simula<on	
  :	
  Monte	
  Carlo	
  path	
  tracing	
  

•  C++	
  library	
  with	
  straighgorward	
  API	
  
–  Asynchronous	
  mul<threaded	
  ray	
  logging	
  
–  Embree	
  :	
  intersec<on	
  engine	
  

S<ngRay	
  –	
  simula<on	
  engine	
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  core	
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S<ngRay	
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  performance	
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Visualiza<on	
  pipeline	
  



•  Loosely-­‐coupled	
  visualiza<on	
  plug-­‐ins	
  
–  Producer/consumer	
  API	
  
–  Frame-­‐oriented	
  I/O	
  
–  Extensible	
  hierarchy	
  of	
  visual	
  elements	
  

•  Interac<ve	
  explora<on	
  of	
  results	
  
–  Online	
  queries	
  of	
  underlying	
  data	
  
–  OpenGL,	
  Embree,	
  OSPRay,	
  …	
  

S<ngRay	
  –	
  visualiza<on	
  pipeline	
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•  Scene	
  geometry	
  
•  Diffrac<on	
  edges	
  
•  Ray	
  glyphs	
  
•  Scalar	
  volume	
  data	
  

–  Tradi<onal	
  volume	
  rendering	
  
–  Par<cipa<ng	
  media	
  

S<ngRay	
  –	
  visualiza<on	
  capabili<es	
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S<ngRay	
  –	
  examples	
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S<ngRay	
  –	
  examples	
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Live	
  demonstra<on	
  



Wrap-­‐up	
  



•  RF	
  simula<on	
  :	
  cri<cal	
  to	
  planning,	
  analyzing,	
  &	
  op<mizing	
  
	
  	
  	
  	
  	
  communica<on	
  networks	
  

Take-­‐home	
  messages	
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•  RF	
  simula<on	
  
•  RF	
  ray	
  tracing	
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  methods	
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•  RF	
  simula<on	
  
•  RF	
  ray	
  tracing	
  
•  S<ngRay	
  +	
  Intel	
  hardware	
  &	
  solware	
  :	
  enables	
  a	
  combined	
  

	
  	
  	
  	
  	
  simula<on/visualiza<on	
  approach	
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•  RF	
  simula<on	
  
•  RF	
  ray	
  tracing	
  
•  S<ngRay	
  +	
  Intel	
  hardware	
  &	
  solware	
  

–  Intel®	
  Xeon®	
  product	
  family	
  :	
  HP	
  compute	
  for	
  physics-­‐based	
  simula<on	
  
–  Embree	
  :	
  HP	
  ray	
  tracing	
  for	
  op<cal	
  &	
  non-­‐op<cal	
  rendering	
  
–  OSPRay	
  :	
  HP	
  visualiza<on	
  for	
  understanding	
  RF	
  propaga<on	
  

Take-­‐home	
  messages	
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