Final project upcoming deadlines:

* Nov 13, a short video of your progress.
Submit via Compass, 10% of the final project total.

* Dec 16, 7-11pm In Siebel 4240.
Final project presentations and Open House for press!

Grades are out for:

» Midterm 1
* Project abstract and picture-title
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Problem: Dridt or  dead reckowniwg



Separate the rotational drift error into two components:

1) Ti{t erroc: Pitch + roll

To correct: need o g" CWH%
of “u-fb“ Vvector

2) \}a,w grror

\¢
To correct: nweed o “compo-ss

- Complementary Filters on SO(3), Mahoney, 2008

- Head Tracking for the Oculus Rift, ICRA 2014
S. LaValle, A. Yershova, M. Katsev, and M. Antonov
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Rift is free falling:

Rift lying on a side:
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Problem:

Accelerometer measures vector
sum of gravity and linear
acceleration of sensor.

Solution:

Use heuristic to detect when "not

moving" and apply correction only
then.



Similar to tilt correction:

e Calculate reference error “} (,:-8
QLQOo-&

» Gradually apply using complementary filter

Problems:

e \Vector sum of
o Calibration is
* Fleld might vary over
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Problem setup:

* Allow and track parallax motions

* IMU (gyro + accelerometer + magnetometer) not enough
* Drift too fast from double integration
* No way to detect drift errors

* Need sub-millimeter accuracy, stable estimates

Solutions:

1. Generate non-constant magnetic or EM field
 RazerHydra, STEM Sixense
 UWBradio

2. Visibility or line of sight methods



Camera arrangements:

On headset In world

Inside-out outside-In



Pinhole camera:

Features In an Image:




FEATURES:

1) Natural

* Hard computer vision

e Extract and maintain from natural scenes
 Remove moving objects
 Reliability low

2) Artificial
* Trivial computer vision (blob detection)

* QR tags, retro reflective markers, LEDs, laser projections
» Can stay In IR spectrum (invisible to humans)



PnP Problem:

Determine rigid body transformation from identified, observed features on a rigid body.

P1P Problem:

DOF analysis:
- Start with 6 DOFs (rigid body)

- Each feature subtracts 2 DOFs

DOFs left:



P2P Problem:

Determine position and orientation of triangle from features in image.

DOFs left:



P3P Problem:

Determine position and orientation of triangle from features in image.
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Solution: A system of polynomial equations leads to 8 solutions (but only
4 In front of the camera). The beginnings of computational real algebraic
geometry.



Incremental PnP Problem:

Determine position and orientation of triangle from features in image, given current estimate.




