Virtual Marker Reconstruction
Linear Translation Method

Overview: 


This method of reconstructing virtual markers involves a preliminary measurement of the virtual marker position (ie. a medial knee marker) in relation to at least three markers present on a segment (ie. hip joint center, thigh marker, lateral knee marker).  The position of the virtual marker is obtained during a ‘static’ trial in which the virtual marker is actually present.  The marker is removed before the subject begins walking.  
Procedure:

1:
Place three or more non-collinear markers on the limb segment such that they follow the motion of the rigid structures in the limb as closely as possible.  These markers should be visible to the cameras, and should be placed to minimize soft tissue motion.  Wands should NOT be used.
2:
Create a local coordinate system (rotation matrix composed  of unit vectors) using the segment markers.
3:
Select one of the markers (ie. the lateral knee marker) as the origin of the coordinate system.  Subtract the coordinates of this marker from the virtual marker (ie. medial knee marker).
4:
Rotate the medial marker into the segment’s coordinate system.  The new coordinates of the medial marker represent the location of the medial marker within the segment’s coordinate system, with the origin specified in step 3.

5:
Since the position of the medial marker in the local coordinate system should be fixed, average the coordinates of the medial markers in the local coordinate system.

6:
Remove the medial marker and proceed with dynamic measurement of the activity.

7.
To determine the location of the medial marker in global coordinates at any point in the activity, calculate the rotation matrix of the segment markers in each frame.

8:
Rotate the local medial marker values back to global using the segment rotation matrix in each frame.  

9:
Translate the medial marker into global space by adding the value of the origin marker in each frame.  

10:
To find the joint centers in the walking trial, average the medial and lateral joint markers in each frame.

