
Homework 5: Solutions
CSE 490V: Virtual Reality Systems

Student Name
student@uw.edu

1 Theoretical Part

1.1 Rotation �aternions (5pts)

Given rotation angle � and normalized rotation axis v = (vx , vy , vz)T , i.e., ‖v‖ = 1, show that the corresponding
rotation quaternion always has unit length.

Answer:

Write your answer to this question here.



1.2 3-D Gyro Integration (18pts)

Using a gyro that samples at a rate of f = 1 Hz, we have recorded the following four angular velocity measurements
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in sensor coordinates at successive time steps i = 1, 2, 3, 4:
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, (unit: rad/s).

(i) For each time step, report the rotation axis and amount of rotation since the previous time step (in degrees)
in the following format: rotation around x-axis by −10°. Assume that the angular velocity was constant since
the previous measurement. (3pts)

(ii) What should the orientation of the gyro be after this sequence of rotations with respect to its starting orien-
tation? Feel free to apply these rotations to your hand or another object to determine the �nal orientation.
(5pts)

(iii) In class, we discussed how we can use the Taylor expansion to derive a simple integration scheme that keeps
track of a single orientation angle in �atland. For this integration scheme, we need an initial condition (i.e.,
initial orientation � (0)) and the length of the time step Δt = 1/f .
Let’s try to apply this method to 3D orientation tracking by integrating each of the three angles as
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where � (t)x , � (t)y , and � (t)z are the estimated pitch, yaw, and roll angles at time t , and !(t)x , !(t)y , and !(t)z are the
angular velocity measurements at time t . Assuming that the initial condition is � (0) = (0, 0, 0)T , calculate and
report the three integrated angles at all four time points � (t) using the formula above.
Now, the question is if these integrated angles are the Euler angles. To verify this, construct 3 × 3 rotation
matrices R(t) from each of the integrated angles � (t) by assuming that (�x , �y , �z) are pitch, yaw, and roll
angles. For constructing the rotation matrix, you can assume that the rotation order is the yaw-pitch-roll
order discussed in class, i.e. R = Rz(−�z)Rx (−�x )Ry (−�y ).
Does R(4) match your expectation from (ii)? (5pts)

(iv) If R(4) in (iii) does not match your expectation, brie�y explain what went wrong with the proposed 3D inte-
gration scheme. (5pts)

Answer:

(i) Write your answer to this question here.
(ii) Write your answer to this question here.

(iii) Write your answer to this question here.
(iv) Write your answer to this question here.



2 Programming Part PDF Deliverables

2.1.1 Bias Estimation

Report all 6 calibrated bias values in your PDF writeup! Brie�y comment on what values one would expect to see
for the gyro and accelerometer if these sensors were perfect.

Answer:

Write your answer to this question here.

2.1.2 Noise Variance Estimation

Report the noise variance values in your PDF writeup!

Answer:

Write your answer to this question here.

2.2.4 Flatland Orientation Tracking Comparison

Take a screenshot of the above methods in action. Include it in your PDF submission along with a brief discussion
of the di�erences you see between the three methods. Also vary the blending parameter alphaImuFilter in
vrduino.ino and brie�y comment on its e�ect in your PDF writeup.

Answer:

Write your answer to this question here.

2.4.4 �aternion-Based Orientation Tracking Algorithm Comparison

Run the visualizer to compare the 3 algorithms above by setting streamMode = THREED in vrduino.ino, or
sending ‘2’ to the Teensy. Compare the following cases in your writeup:

1. Quaternions with gyro only vs quaternions with complementary �ltering (� = 0.9).
2. Euler angles with accelerometer only vs quaternions with complementary �ltering (� = 0).

Answer:

Write your answer to this question here.



2.5.3 Head & Neck Model Discussion

Compare the visual experience of the orientation tracking with and without the head and neck model. Does the
motion parallax created by this model improve the experience? Brie�y comment on the e�ectiveness of the head
and neck model in your writeup.

Answer:

Write your answer to this question here.


