Some Notes on Kinemartics Calculations in ANZ

Position/Orientation calculation

The transformation from a rime series of marker positions to a time series of segment
positions and orientations is carried out in a simple manner in ANZ. Various combinations
of three markers is used to calculate these segment kinematics. There are notes describing the
vector cross product order and other operations used to do these calculations. The result of
doing the transformations in this manner is thart the locating of the segment local coordinate
systems is very dependent upon the placement of the markers. In addition, since only three
markers per segment is used, the calculations are not as accurate as they could be if
redundant markers were placed on the segments. Algorithms to take advantage of such
marker sets, such as the Spoor & Veldpaus or the modified Schur algorithm used by
Antonsson, are not implemented in ANZ. [ am working on a more general spatial kinematics
package, written in C, which incorporates four different algorithms to do this calculation (so
that they can be used to cross check one another). This will not be done for a while however.
In the meantime, the calculations used here are adequate for clinical locomotion studies, but
they should not be applied to detailed kinematic evaluations such as spatial kinematics of a
joint like the knee. The methods used here are very similar to those used in Helen Hayes
marker set as well as those incorporated into Motion Analysis Corporation’s Orthotrak
software package.

Rotational and translational velocity and acceleration

The rotational and translational velocities and accelerations are computed using spatial
kinematic formulations. Translational vel/accel is a simple matter. The computation of the
rotational vel/accel is another matter. Three different algorithms have been programmed to
allow cross checking of the rotational vel/accel calculations. The three methods are: 1) Direct
differentiation of the rotation matrix elements, 2) differentiation of the segment euler angles,
3) differentiation of the marker trajectories. The first two methods have notes about their
derivation in the ANZ documentation, although both are common approaches described in
kinemarics texts. The marker based approach is based upon a paper by Verstraete. In all cases
the differentiation of quantities is usually carried out using the GCVSPL routine of Herman
Woltring although it can be overridden and finite difference used instead for comparison
purposes.
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=
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Name : Jeff

Age 3 31

Weight : 62.136 kg
Height : 1.854 m
Comment:

Cycle event frame #'s

Right heel strike : 1 57
Left heel strike : 29
Right toe off : 36
Left toe off : 8

First motion frame absolute frame #

meters feet
Velocity - 1.386 4.547
Stride : 1.603 5.258
R Step s 0.899 2.951
L Step = 0.703 2.307
Step Width : 0.119 0.392
Cadence 105.263 step/min

Time (s) Percent Cycle

RITIEST 0.600 66.632
L TLST 0.600 66.632
R SLST 0.440 38.596
L. SLST 0.440 38.596
R DLS 0.160 14.035
L DLS 0.160 14.035
RHS 0.000
LTO 14.035
LHS 50.877
RTO 63.158
RHS 100.000

inches
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.684
.699

Normal (m)
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11%.
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12.000
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100.000

-451
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.784
.079

000
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