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Background & Motivation 
	  PROBLEM:	  Prostate	  cancer	  currently	  affects	  millions	  of	  

Americans	  and	  o4en	  requires	  radical	  prostatectomy	  as	  
treatment.	  Residents	  in	  urology	  as	  well	  as	  robots	  used	  in	  
surgery	  require	  guidance	  in	  what	  =ssue	  requires	  resec=on	  
without	  harming	  surrounding	  organs.	  
	  
OUR	  SOLUTION:	  Our	  aim	  is	  to	  develop	  a	  digital	  3D	  model	  of	  
prostate	  anatomy	  be	  used	  to	  generate	  a	  simula=ons	  in	  
augmented	  reality	  (AR)	  and	  virtual	  reality	  (VR)	  that	  can	  train	  
and	  guide	  both	  surgeons	  and	  the	  STAR	  robo=c	  arm	  that	  is	  
currently	  being	  developed	  to	  perform	  automated	  surgery.	  	  

 

 
 
 
 
 

Objectives 
	  1.	  Generate	  an	  augmented	  reality	  overlay	  for	  video	  feeds	  of	  prostate	  resec=on	  

that	  allow	  user	  interac=on	  with	  display	  of	  the	  prostate	  and	  surrounding	  anatomy	  
2.	  Generate	  a	  virtual	  reality	  simula=on	  which	  can	  model	  the	  =ssue	  deforma=on	  
of	  the	  prostate	  and	  surrounding	  =ssue	  for	  pre-‐surgical	  planning	  purposes.	  
3.	  Integrate	  the	  two	  simula=ons	  to	  provide	  training	  data	  and	  real-‐=me	  surgical	  
guidance	  for	  prostate	  resec=on.	  
	  

Methodology: AR Simulation 
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Future Directions 
NEXT	  STEPS	  
•  Evaluate	  the	  prac=cality	  and	  usability	  with	  Likert	  survey	  
•  Integrate	  the	  AR	  and	  VR	  simula=ons	  into	  a	  single	  plaOorm	  
•  Use	  pa=ent	  specific	  video	  feed	  

ETHICAL	  IMPLICATIONS	  
•  Obtaining	  medical	  files	  for	  calibra=on	  must	  be	  done	  with	  the	  proper	  approval	  
•  By	  improving	  the	  pre	  opera=ve	  planning,	  the	  rate	  and	  cost	  associated	  with	  

correc=onal	  procedures	  will	  decrease	  

CONCLUSIONS	  
•  Here	  we	  demonstrate	  a	  proof	  of	  concept	  for	  so4	  =ssue	  modeling	  with	  na=ve	  proper=es	  

using	  Unity,	  a	  tradi=onal	  game	  engine,	  for	  medical	  applica=ons.	  

Methodology: VR Simulation 
	  

 

 
 
 
 
 

Approach 
	  

Robot-‐Assisted	  
Prostatectomy	  
Video	  Feed	  

Frames	  sampled	  	  
using	  VR	  	  

simula=on	  video	  

Tumors	  were	  labeled	  
in	  each	  frame	  and	  used	  

to	  make	  overlays	  

Frames	  uploaded	  into	  
Vuforia	  Target	  Manager,	  

converted	  into	  image	  targets	  
Downloaded	  and	  
imported	  as	  Unity	  
package,	  placed	  as	  
image	  target	  object	  

in	  Unity	  Scene	  

Imported	  as	  Unity	  Asset	  
and	  placed	  as	  a	  child	  of	  
the	  image	  target	  object	  

Enter	  play	  mode	  to	  
run	  	  augmented	  
reality	  simula=on	  

Virtual	  webcam	  
supplies	  video	  feed	  

to	  Unity	  

Robot-‐Assisted	  
Prostatectomy	  
Video	  Feed	  

Frame	  sampled	  from	  feed,	  
image	  processed	  and	  edited	  

to	  include	  buXons	  

Image	  uploaded	  
into	  Vuforia	  

Target	  Manager	  	  
and	  converted	  

into	  image	  target	  

Downloaded	  and	  imported	  as	  
Unity	  package,	  placed	  as	  image	  
target	  object	  in	  Unity	  Scene	  

MRI	  segmenta=on	  
used	  to	  generate	  
3D	  models	  of	  the	  

prostate,	  
neurovascular	  

bundle,	  and	  lesion	  

Imported	  as	  Unity	  
Assets	  and	  placed	  as	  
a	  children	  of	  the	  

image	  target	  object	  

Virtual	  buXons	  
and	  handling	  script	  
added	  to	  allow	  
feature	  toggling	  

Enter	  play	  
mode	  to	  run	  
simula=on	  Built-‐in	  webcam	  supplies	  

video	  feed	  to	  Unity	  

Le4:	   3D	   models	   of	   the	   prostate,	   neurovascular	   bundle,	   and	  
lesion	   overlaid	   onto	   an	   image	   target	   with	   virtual	   buXons.	  
Middle:	  Automated	  blue	  overlay	  over	   the	  prostate	   in	  a	  video	  
feed	  of	  a	  robot-‐assisted	  prostatectomy	  
Right:	  Automated	  red	  overlay	  of	  the	  VR	  prostate	  deforma=on	  

AUGMENTED	  REALITY	  RESULTS	  

VIRTUAL	  REALITY	  RESULTS	  
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Above:	   MATLAB	   program	   for	   hand-‐
labeling	  prostate	  anatomy	  in	  MRI	  scans	  

To	  implement	  our	  objec=ves	  in	  both	  augmented	  and	  virtual	  reality,	  we	  used	  
freely	  available	  so4ware	  and	  toolkits:	  

•  Unity:	  A	  cross-‐plaOorm	  engine	  originally	  developed	  for	  game	  
development,	  but	  also	  now	  the	  main	  plaOorm	  for	  mixed	  reality	  	  
	  -‐	  The	  coding	  language	  for	  this	  so4ware	  is	  C#,	  wriXen	  in	  Visual	  Studio	  

•  Vuforia:	  A	  so4ware	  development	  toolkit	  used	  to	  easily	  implement	  
augmented	  reality	  using	  automated	  detec=on	  of	  feature	  points	  

•  Blender:	  An	  open-‐source	  3D	  computer	  graphics	  so4ware	  used	  to	  
develop	  3D	  textured	  models	  in	  games,	  anima=on,	  art,	  and	  more.	  

	  
	  
	  
	  
	  
	  
	  

To	  complete	  simula=ons	  and	  verify	  our	  results,	  we	  used	  licensed	  so4ware	  
•  MATLAB:	  A	  numerical	  compu=ng	  environment	  that	  allows	  for	  matrix	  

manipula=ons	  and	  finite	  element	  analysis	  
•  Creo:	  A	  computer	  aided	  design	  (CAD)	  so4ware	  that	  allows	  the	  

predic=on	  of	  physical	  behavior	  using	  finite	  element	  analysis	  
	  
	  
	  
	  
	  
	  
	  

εt	  +	  Δt	  =	  ε̇tΔt	  

Δx	  =	  εt	  +	  Δt	  *	  L0	  

ε̇t	  +	  Δt	  =	  Δε	  /	  Δt	  
Voight:	  	  

σt	  +	  Δt	  =	  (1/η)ε̇t	  +	  Δt	  -‐	  (E/η)εt	  +	  Δt	  	  

ε̇
i	  =	  η-‐1σi	  	  à	  

UpdateVertex	  

Find	  normal	  &	  shear	  
stress	  

σaX	  =	  σmax	  /(1+|x|2mn)	  

|x|2mn	  =	  |Pmouse	  -‐	  Pnode|²	  

Get	  mouse	  posi=on	  from	  
MeshDeformerInput	  

MeshDeformerInput	  
Track	  posi=on	  of	  
mouse	  rela=ve	  to	  

mesh	  object	  

When	  mouse	  hits	  
mesh:	  

Use	  Video	  as	  
conQnuous	  image	  

target	  in	  AR	  

Update	  Mesh	  

Extract	  =ssue	  proper=es	  from	  mesh	  
importer	  GUI	  	  

Ini=alize	  Variables	  to	  0	  

AddIniQalStress	  

UpdateVertex	  

Le4:	  Modulus	  displacement	  map	  ploXed	  on	  the	  mesh	  of	  lesion(Top)	  and	  Prostate	  (BoXom)	  	  
Middle:	  Stress	  (kPa)	  strain	  hysteresis	  loops	  obtained	  from	  simula=on	  
Right:	  Stress	  (kPa)	  and	  strain	  graphs	  over	  =me	  for	  lesion	  and	  prostate	  


