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DETERMINATION OF SUBJECT MOTION (Additional details)

Inputs: video from scene camera; initial position and orientation of subject with respect to scene camera (not required to
determine 3D POR); intrinsic parameters of scene camera; distance between two known points in scene.

1. Divide video into subsequences at keyframes (for current implementation, each subsequence contains ~1 second of
video or 30 frames) such that consecutive subsequences have one keyframe in common.

2. Get camera projection matrix for each keyframe with respect to previous keyframe, Py. First keyframe is aligned with
the world coordinate system, P,—; =[1 0].

a. For each subsequence, £:

i.  Select 2 known points in keyframes k£ and £+1 and enter distance between these two points in the world. This
will be used so that all camera projection matrices are up to the same scale.

ii. Track features through all intermediate frames between keyframes k and k+1. Get each intermediate frame’s
matches with keyframe &k by comparing its matches with the previous frame to the previous frame’s matches
with keyframe £.

» Matches between each frame and keyframe k may be stored for more efficient matching of 2D POR later
(beneficial when a 2D POR has already been matched as a feature point).

iii. Get relative orientation, R, and translation (after rotation), t, of keyframe k+1 with respect to keyframe «.
Compose Pi; = [R t].

a) Get the fundamental matrix between the two keyframes using their corresponding matches.
»  Store this fundamental matrix for later use in determining 3D POR.

b) Convert the fundamental matrix to the essential matrix using camera intrinsic parameters.
c) Extract R and t from the essential matrix using method in [Hartley and Zisserman 2004].
iv. Determine scale factor, s, for t (which currently has a magnitude of 1). Update Py = [R st].

a) Reconstruct 2 previously selected points using P; = [I 0] and P,.;. Set s to input distance between points
divided by distance between reconstructed points.

3. Get camera projection matrix for each keyframe with respect to the world coordinate system, Py.
a. Since first keyframe is already aligned with the world coordinate system, second keyframe is as well.
b. For keyframes k> 3:

i.  Apply the orientation and translation of the previous keyframe with respect to the world to the camera
projection matrix of the current keyframe with respect to the previous keyframe.

4. Get subject position and head orientation from Py and input position and orientation of subject with respect to camera
(similar to 3.b.1). To account for relative motion between subject and camera, see [Kolakowski and Pelz 2006].

DETERMINATION OF 3D POR (Additional details)
Inputs: scene video; 2D POR in scene images; matches, fundamental matrices and Py (from previous step).
1. For each frame (or each desired frame for which to reconstruct a 3D POR, e.g. frames during fixations):

a. Determine its two neighboring keyframes (or, analogously, in which subsequence the frame falls) and check to
see if 2D POR location corresponds to a feature already matched with one or both keyframes.

b. If match doesn’t already exist for either keyframe, find match in remaining neighboring keyframe(s).
i.  For closer keyframe, search for match to 2D POR among any pixel within a maximum search distance.

ii. For further keyframe, search for match to 2D POR along the epipolar line generated by the point’s match in
the closer keyframe and the previously determined fundamental matrix between these keyframes.

c. Triangulate 3D POR using camera projection matrices for these keyframes.
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