
The variance filter that was designed last week worked pretty well for the roll, pitch, and yaw
data.  The following are the graphs for roll, pitch, and yaw when the IMU is stationary.

Figure - Stationary Data (Covariance Filtered)

It can also be seen that this filter works well when the IMU is rotating.  The following figure
shows the IMU rotating 360 degrees on the yaw axis.

Figure - 360 Degree Yaw Rotation (Covariance Filtered)
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The yaw rotates 360 degrees, while the roll and pitch remain at zero the entire time.  This is due
to the covariance filter.  Comparing this to figure 55-1 shows the difference between the filtered
and unfiltered data.  The following two figures show the covariance filter for a 360 roll rotation
and a slight pitch movement one up, then down, then back to zero.

Figure - 360 Degree Roll Rotation (Covariance Filtered)
Figure - Pitch Test (Covariance Filtered)

The problem that we come across is in the accelerometer data.  Like we mentioned last week,
the noise when the IMU is moving increases significantly from the noise when it is resting in
place.  We though about trying to develop an average filter.  This would just subtract the
average error throughout the entire data set, but the average appears to change from trial to
trial.
We also thought about implementing a covariance filter for the acceleration data.  This brought
on some other complications.  We are able to detect when the IMU is moving or not on the
three axis.  This would work well if there was never any pitch or roll movement because we
could just assume if the IMU isn’t moving to resolve the x,y,z axis to [0,0,g].  Obviously though,
this isn’t the case.  So, we tried using the directional cosine matrix to resolve the amount of
gravity present on the three axis.  This would happen when the covariance was above a certain
number.  If it wasn’t, we made the data point equal to the previous data point.  This worked
well until there is one jump in any of the axis.  This is due to the fact that when the acceleration is
constant and gets integrated twice to determine position, it creates a quadratic graph.  So over
little time, the error will increase immensely.  The following graphs show this dilemma when
moving the IMU one meter in the x direction.
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Figure - 1 Meter Movement in X direction (Covariance Filtered)

Figure - 1 Meter Movement in X direction (Covariance Filtered)
As seen above, after the first slight movement seen from the y accelerometer, position
movement in the east direction starts moving.  This increases more and more in a quadratic
form.  Therefore, even if the IMU rested at the end of this test, after 10 more seconds, the east
position would be off by a lot more.
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