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Review:	
  Session	
  3B	
  
• Mo>on	
  capture	
  systems	
  

§  Retro-­‐reflec>ve	
  vs.	
  ac>ve	
  vs.	
  electromagne>c	
  
•  Force	
  plates	
  

§  Strain	
  gage	
  vs.	
  piezoelectric	
  
•  Pressure	
  plates	
  

§  Capaci>ve	
  vs.	
  force	
  sensing	
  resistors	
  
•  Cadaveric	
  gait	
  simula>on	
  



Session	
  4	
  Overview...	
  
•  Review/complete	
  session	
  3B	
  

§  Markerless	
  mo>on	
  analysis	
  
§  Cadaveric	
  Gait	
  Simula>on	
  

•  Kinema>cs	
  and	
  kine>cs	
  of	
  the	
  RGS	
  	
  

•  Kinema>c	
  highlights	
  
•  Kinema>cs	
  and	
  kine>cs	
  of	
  gait	
  analysis	
  
•  Homework	
  1	
  
• Mini-­‐Lab	
  2:	
  Grant	
  wri>ng	
  
•  Final	
  project	
  



Mo>on	
  Capture	
  
• Markerless	
  	
  

§  Organic	
  Mo>on	
  
•  Developer	
  of	
  world's	
  only	
  professional	
  markerless	
  
mo>on	
  capture	
  soZware	
  and	
  systems.	
  

•  Biostage	
  –	
  14	
  to	
  24	
  cameras	
  

www.organicmotion.com 



Mo>on	
  Capture	
  

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 

• Markerless	
  	
  
§  Kinect	
  

•  Microphone	
  array	
  
•  IR	
  emi\er	
  
•  Depth	
  camera	
  
•  Color	
  camera	
  



Mo>on	
  Capture	
  
• Markerless	
  	
  

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

•  Less	
  expensive	
  systems	
  
•  Real	
  >me	
  

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



Cadaveric	
  Gait	
  Simula>on	
  
•  Development	
  of	
  the	
  robo>c	
  gait	
  simulator	
  (RGS)	
  
•  Kinema>cs	
  and	
  kine>cs	
  of	
  the	
  RGS	
  
•  Summary	
  slide	
  deck	
  

§  Methods	
  for	
  quan>fying	
  foot	
  kinema>cs	
  
§  How	
  the	
  RGS	
  works	
  



Kinema>c	
  highlights	
  
•  Posi>on	
  vectors	
  and	
  rota>on	
  matrices 	
  	
  

§  Craig	
  chapter	
  (on	
  your	
  own)	
  
• Marker-­‐based	
  coordinate	
  systems	
  

§  Nigg	
  and	
  Herzog	
  chapter	
  p2	
  	
  
•  Anatomic	
  v.	
  technical	
  coordinate	
  systems	
  

§  Nigg	
  and	
  Herzog	
  chapter	
  p2	
  
•  Descrip>ons	
  of	
  rigid	
  body	
  kinema>cs	
  

§  Nigg	
  and	
  Herzog	
  chapter	
  p5-­‐6,	
  8-­‐10	
  	
  



Kinema>c	
  highlights	
  
•  Posi>on	
  vectors	
  and	
  rota>on	
  matrices 	
  	
  

§  Craig	
  chapter	
  (on	
  your	
  own)	
  
•  Spa>al	
  Descrip>ons	
  and	
  Transforma>ons	
  

§  Posi>on	
  =	
  vector	
  
§  Rota>on	
  =	
  matrix	
  
§  Transforma>ons	
  between	
  coordinate	
  systems	
  
§  Appendix	
  on	
  how	
  to	
  determine	
  angles	
  from	
  
transforma>on	
  matrices	
  



Marker-­‐based	
  coordinate	
  systems	
  
•  Nigg	
  and	
  Herzog	
  p2	
  



Anatomic	
  v.	
  technical	
  coordinates	
  
•  Difference?	
  
•  Anatomical	
  –	
  if	
  possible	
  
•  Technical	
  

§  Neutral	
  posi>on	
  calibra>on	
  
•  Medial	
  malleolus	
  marker	
  

§  Digi>za>on	
  
•  Cadaver	
  foot	
  model	
  

§  Nigg	
  and	
  Herzog	
  chapter	
  
•  Joint	
  coordinate	
  systems	
  p2	
  



+Z	
  axis:	
  Lateral	
  for	
  right,	
  Medial	
  for	
  leZ	
  (sagi\al	
  plane)	
  
+X	
  axis:	
  Anterior	
  (coronal)	
  
+Y	
  axis:	
  Superior	
  (transverse)	
  

x	
  

y
z	
  

Anatomic	
  v.	
  technical	
  coordinates	
  



Descrip>ons	
  of	
  rigid	
  body	
  kinema>cs	
  
•  Cardan/Euler	
  angles	
  

§  3	
  independent	
  rota>ons,	
  sequence	
  dependent	
  
§  Similar	
  to	
  fixed	
  angles	
  	
  

	
  
	
  
	
  



Descrip>ons	
  of	
  rigid	
  body	
  kinema>cs	
  
•  Joint	
  Coordinate	
  System	
  

§  Axes:	
  flexion/extension;	
  longitudinal;	
  third	
  
§  Grood	
  and	
  Suntay	
  at	
  the	
  knee	
  

	
  
	
  



Descrip>ons	
  of	
  rigid	
  body	
  kinema>cs	
  
•  Finite	
  helical	
  axis:	
  	
  

§  axis	
  orienta>on,	
  transla>on,	
  rota>on	
  
	
  
	
  



Descrip>ons	
  of	
  rigid	
  body	
  kinema>cs	
  
•  Helical	
  angles	
  (or	
  axis-­‐angle)	
  
	
  
	
  


