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Session	
  3B	
  
Tools	
  of	
  the	
  Trade	
  2:	
  
(Mocap/Force	
  Plates/

Pressure	
  Plates/
Cadaveric	
  Gait	
  

SimulaIon)	
  	
  



Foot	
  injuries	
  in	
  the	
  news	
  
•  Headline:	
  Foot	
  feIsh:	
  A	
  brief	
  -­‐-­‐	
  and	
  scienIfic	
  -­‐-­‐	
  
review	
  of	
  foot	
  injuries	
  on	
  the	
  eve	
  of	
  the	
  NFL	
  
playoffs	
  -­‐	
  The	
  Boston	
  Globe	
  

•  Date:	
  Jan	
  7,	
  2016	
  
•  Several	
  key	
  players,	
  including	
  Tom	
  Brady,	
  have	
  
contended	
  with	
  feet	
  and	
  ankle	
  injuries	
  this	
  
NFL	
  season.	
  

•  h\p://Inyurl.com/zq92vpm	
  



Foot	
  injuries	
  in	
  the	
  news	
  



Review	
  of	
  Session	
  2A	
  
•  Define	
  some	
  basic	
  terms:	
  elasIcity,	
  plasIcity,	
  
viscosity,	
  and	
  viscoelasIcity	
  

•  Review	
  simple,	
  linear	
  viscoelasIc	
  models	
  

•  Describe	
  the	
  important	
  properIes	
  of	
  
viscoelasIc	
  materials	
  

•  Discuss	
  concepts	
  using	
  in	
  house	
  data,	
  as	
  well	
  
as	
  text	
  books	
  



Session	
  3B	
  Overview...	
  
• MoIon	
  capture	
  
•  Force	
  plates	
  
•  Pressure	
  measurement	
  
•  Cadaveric	
  gait	
  simulaIon	
  



MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  
•  AcIve	
  markers	
  
•  ElectromagneIc	
  
• Markerless	
  
•  Other	
  	
  



MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  

§  How	
  do	
  this	
  work?	
  
§  Instrument	
  subject	
  with	
  retro-­‐reflecIve	
  markers	
  
§  High	
  resoluIon	
  cameras	
  distributed	
  around	
  FOV	
  
§  Strobe	
  (near)	
  infra-­‐red	
  light	
  from	
  cameras	
  
§  Reflects	
  of	
  markers	
  and	
  onto	
  sensors	
  in	
  cameras	
  
§  Specialized	
  soeware	
  converts	
  mulIple	
  2D	
  images	
  
into	
  3D	
  descripIon	
  
•  Marker	
  drop	
  out,	
  filtering	
  

§  Why	
  so	
  many	
  cameras?	
  
•  Cover	
  FOV,	
  redundancy	
  	
  



www.vicon.com 

MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  

§  Vicon	
  
•  Vantage	
  –	
  higher	
  end	
  
•  Bonita	
  –	
  affordable	
  
•  Cara	
  –	
  facial	
  moIon	
  capture	
  

http://www.tft.ucla.edu/mediascape/Winter2011_Avatar.html 



MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  

§  MoIon	
  Analysis	
  
•  Premiere	
  mocap	
  systems	
  
•  Standard	
  mocap	
  systems	
  

www.motionalalysis.com 

www.motionanalysis.com 



MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  

§  Qualysis	
  
•  Miqus	
  
•  Oqus	
  

www.qualysis.com 

www.qualysis.com 

https://youtu.be/q9myeyvI9tA 



MoIon	
  Capture	
  
•  Retro-­‐reflecIve	
  markers	
  

§  Strengths	
  
•  Mature	
  technology,	
  most	
  popular	
  
•  Flexible	
  
•  RelaIvely	
  accurate	
  (1-­‐2mm)	
  

§  Weaknesses	
  
•  Can	
  be	
  labor	
  intensive	
  
•  Skin	
  moIon	
  arIfact	
  
•  Expensive	
  systems	
  



MoIon	
  Capture	
  
•  AcIve	
  markers	
  

§  How	
  does	
  this	
  work?	
  
§  Similar	
  to	
  retro-­‐reflecIve,	
  but	
  light	
  emi\ed	
  not	
  
reflected	
  from	
  markers	
  	
  

§  Synchronized	
  to	
  fire	
  in	
  a	
  known	
  pa\ern	
  
	
  



MoIon	
  Capture	
  
•  AcIve	
  markers	
  

§  OpITrack,	
  Qualysis	
  	
  
	
  

www.qualysis.com www.optitrack.com 



MoIon	
  Capture	
  
•  AcIve	
  markers	
  

§  Strengths	
  
•  Mature	
  technology	
  
•  Increased	
  flexibility	
  (acIve	
  and	
  passive)	
  
•  Easier	
  to	
  process	
  (no	
  confusion	
  about	
  marker	
  ID)	
  

§  Weaknesses	
  
•  Tethered	
  (ba\ery	
  pack)	
  
•  Skin	
  moIon	
  arIfact	
  
•  Expensive	
  systems	
  (more	
  than	
  passive)	
  



MoIon	
  Capture	
  
•  ElectromagneIc	
  

§  How	
  does	
  this	
  work?	
  
§  Transmi\er	
  creates	
  orthogonal	
  magneIc	
  fields	
  
§  Receivers	
  move	
  through	
  fields,	
  sense	
  locaIon	
  



MoIon	
  Capture	
  
•  ElectromagneIc	
  

§  Polhemus,	
  Ascension	
  

www.polhemus.com www.ascension-tech.com 



MoIon	
  Capture	
  
•  ElectromagneIc	
  

§  Strengths	
  
•  Less	
  expensive	
  
•  Flexible	
  –	
  line	
  of	
  sight	
  not	
  needed	
  
•  Increased	
  accuracy	
  (.1	
  to	
  .2	
  mm)	
  

§  Weaknesses	
  
•  Tethered	
  
•  Skin	
  moIon	
  arIfact	
  
•  SensiIve	
  to	
  metal	
  (rebar)	
  



MoIon	
  Capture	
  
• Markerless	
  	
  

§  Organic	
  MoIon	
  
•  Developer	
  of	
  world's	
  only	
  professional	
  markerless	
  
moIon	
  capture	
  soeware	
  and	
  systems.	
  

•  Biostage	
  –	
  14	
  to	
  24	
  cameras	
  



MoIon	
  Capture	
  
• Markerless	
  	
  

§  Kinect	
  
§  IR	
  emi\er	
  
§  Depth	
  camera	
  
§  Color	
  camera	
  

https://www.quora.com/How-does-Microsofts-Kinect-work-
from-a-technology-standpoint 

http://www.businessinsider.com/why-microsoft-xbox-kinect-
didnt-take-off-2015-9 



MoIon	
  Capture	
  
• Markerless	
  	
  

§  Strengths	
  
•  Easier	
  to	
  collect	
  -­‐	
  no	
  special	
  suits,	
  markers	
  or	
  equipment	
  
are	
  required	
  –	
  just	
  cameras	
  

•  Less	
  expensive	
  systems	
  
•  Real	
  Ime	
  

§  Weaknesses	
  
•  Less	
  accurate	
  (1-­‐2	
  cm??)	
  



MoIon	
  Capture	
  
•  Other	
  

§  InerIal	
  measurement	
  units	
  (IMUs)	
  
§  High	
  speed	
  video	
  
§  X-­‐ray	
  stereophotogrammetry	
  
§  CT/MRI	
  
§  Bone	
  pins	
  
§  Fluoroscopy	
  (single,	
  biplane)	
  



Mocap	
  in	
  the	
  news	
  

http://tinyurl.com/hcr4vbv 



Force	
  plates	
  
•  Kistler	
  

§  piezoelectric	
  	
  
•  AMTI	
  

§  strain	
  gage	
  
•  Bertec	
  

§  strain	
  gage	
  	
  



Force	
  plates	
  
•  How	
  do	
  they	
  work?	
  
•  Sensors	
  in	
  all	
  four	
  corners	
  
•  Calculate	
  verIcal	
  and	
  
shear,	
  center	
  of	
  pressure	
  
and	
  free	
  moment	
  	
  	
   http://www.pt.ntu.edu.tw/hmchai/Biomechanics/

BMmeasure/KineticAnalysis.htm 



Force	
  plates	
  
•  piezoelectric	
  	
  

§  +	
  small,	
  very	
  fast	
  response	
  (dynamic)	
  
§  -­‐	
  drie,	
  non-­‐linear	
  
	
  

•  strain	
  gage	
  
§  +	
  higher	
  linearity	
  and	
  stability	
  in	
  long-­‐term	
  
measurements	
  (staIc)	
  

§  -­‐	
  hysteresis,	
  creep,	
  temperature	
  

	
  	
  



Pressure	
  measurement	
  
• 	
  novel	
  

	
  capaciIve	
  	
  



Pressure	
  measurement	
  
• 	
  Tekscan	
  

	
  force	
  sensing	
  resistor	
  	
  
	
  



Pressure	
  measurement	
  
• 	
  RSscan	
  

	
  resisIve	
  	
  
	
  



Pressure	
  plates	
  
•  Force	
  sensing	
  resistors	
  

§  +	
  thin	
  
§  -­‐	
  drie,	
  unstable	
  

•  CapaciIve-­‐based	
  
§  +	
  stable	
  
§  -­‐	
  	
  thicker	
  



Cadaveric	
  gait	
  simulaIon	
  



Cadaveric	
  gait	
  simulaIon	
  



Cadaveric	
  gait	
  simulaIon	
  



Cadaveric	
  gait	
  simulaIon	
  


