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Discrete Skeletal Editing and Collision Detection 
with 3D Signed Distance Grid Modeler

 Implicit object models  comprised of inte rpola ted s igned dis tance  grid

 Cons truct s igned dis tance  grid by:

 Sampling symbolic s igned dis tance  function (SDF)

 Compute  s igned dis tance  from surface  model (e .g. STL file )

 Compute  s igned dis tance  from segmented volumetric imaging 
e .g. by ite ra tive  solution of e ikona l equa tion: 𝛻𝛻𝛻𝛻𝑓𝑓𝑓𝑓 = 1

 Visua liza tion by ray-cas ting

 Thread per pixe l

 Efficient, re liable  root-finding for SDFs

 Collis ion de tection

 Identify by nega tive  minimax

 Real-time  with thread per voxe l

 Skele ta l identifica tion: s ingula r points  of SDF

 Compute  gradient (finite  diffe rence  or wave le t connection coefficients )

 𝛻𝛻𝛻𝛻𝑓𝑓𝑓𝑓 − 1 > 𝜖𝜖𝜖𝜖

 Real-time  with thread per voxe l

 Skele ta l editing

 Select discre te  ske le ta l points

 Edit ske le ta l da ta  (pos itions  and radii)

 “Reflesh” with e ikona l solver

We present updates  on 2 ongoing projects  tha t employ GPU-based para lle lism to achieve  crucia l performance  enhancements :
(1)Regis tra tion of 3D imaging (CT) da ta  with s te reo pa irs  of 2D (fluoroscope) imaging, and (2) CAD modeler based on grids  of s igned dis tance  va lues .

Accelerated Computing with 3D Data Grids
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CT data  is  segmented to identify voxel se t for each bone . 
Intens ity file  and labe l file  comprise  the  motion capture  inputs  

from the  3D imaging sys tem.

Imaging of ca libra tion block defines  camera  geometry (source  and screen loca tions). Dual 
fluoroscopes  capture  synchronized s te reo image  pa irs . Camera  geometry and s te reo image  

pa irs  comprise  the  motion capture  inputs  from the  2D imaging sys tems .

3D: CT scanner 2D: Bi-plane Fluoroscope
Data Acquisition

DRR + Gradient + Correlation + Optimization = Motion CaptureDRRACC Projection

Results
 Demonstra ted feas ibility of non-invas ive , marker-free  motion capture  based on regis tra tion of projections  of 3D CT imaging with 2D s te reo pa irs  of 

fluoroscope  imaging.

 Sub-millimeter accuracy based on va lida tion with motion genera ted by ca libra ted trans la tiona l s tage . 
(10 pos ition s tage  trans la tion mean absolute  e rror = 0.01 mm)

 Cuda’s 3D texture  capabilities  support e fficient memory access  and inte rpola tion for computing projections  of full CT da ta  se t.

 Implementing pixe l computa tion us ing thread-leve l para lle lism acce lera ted DRR computa tion by ~ 250X.
(700 msec CPU vs  2.8 msec GPU)

 Computa tion time for regis tra tion to a  comple te  s te reo fluoroscope  imaging sequence  reduced from 15 hours  to ~1 hour by para lle lizing the  DRR and 
normalized corre la tion coefficient (NCC).

Real-time raycas ting of 128^3 
s igned dis tance  grid  

computed based on STL model

Discre te  ske le ta l points   computed  
inte ractive ly. 

Skele ta l points  se lected  for 
index finger dis ta l to 

proximal inte rphalangeal joint..

Location of se lected ske le ta l points  
rota ted about 

proximal inte rphalangeal joint..

Raycas t image  of dis tance  grid 
re fleshed (via  e ikonal solver) 

from edited ske le ta l da ta .

Motion Capture2D-3D Image Registration

Data Acquisition

Discre te  ske le ta l points  se lected  
for tip of thumb.

Raycas t image  of hand refleshed afte r 
increas ing se lected ske le ta l radii 
to produce  loca lized “swelling”.
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