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Problem background

e Difficult to track position using satellite based systems in forested areas.




The solution: Visual and inertial tracking assistance

The task: To build a mobile position tracking system consisting of an IMU, a GPS
and a stereo camera, to be used in a forest environment.

Point Grey Bumblebee XB3
Novatel SPAN-IGM-S1



Navigation by stereo cameras

1. Match features between two consecutive images
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Navigation by stereo cameras

2. Distance is found by triangulation
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Navigation by IMU enabled GPS devices

Difference in acceleration, rotation and global coordinates from satellites
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Sensor fusion

e Drift in the trajectory
o Stereo camera

o Inertial measurement unit

e Sensor fusion by Kalman filter
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Kalman filter
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[FIG1] This figure shows the one-dimensional system under consideration.

Taken from: Ramsey Faragher, IEEE SIGNAL PROCESSING MAGAZINE [130] SEPTEMBER 2012
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[FIG2Z] The initial knowledge of the system at time t = 0. The red Gaussian distribution represents the pdf providing the initial
confidence in the estimate of the position of the train. The arrow pointing to the right represents the known initial velocity of
the train.

Taken from: Ramsey Faragher, IEEE SIGNAL PROCESSING MAGAZINE [130] SEPTEMBER 2012



[FIG3] Here, the prediction of the location of the train at time t = 1 and the level of uncertainty in that prediction is shown. The
confidence in the knowledge of the position of the train has decreased, as we are not certain if the train has undergone any

accelerations or decelerations in the intervening period fromt=0to t=1.

Taken from: Ramsey Faragher, IEEE SIGNAL PROCESSING MAGAZINE [130] SEPTEMBER 2012
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Measurement (Noisy)

Prediction (Estimate)

[FIG4] Shows the measurement of the location of the train at time t = 1 and the level of uncertainty in that noisy measurement,
represented by the blue Gaussian pdf. The combined knowledge of this system is provided by multiplying these two pdfs
together.

Taken from: Ramsey Faragher, IEEE SIGNAL PROCESSING MAGAZINE [130] SEPTEMBER 2012
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Measurement (Noisy)
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Prediction (Estimate)

[FIG5] Shows the new pdf (green) generated by multiplying the pdfs associated with the prediction and measurement of the
train’s location at time t = 1. This new pdf provides the best estimate of the location of the train, by fusing the data from the
prediction and the measurement.

Taken from: Ramsey Faragher, IEEE SIGNAL PROCESSING MAGAZINE [130] SEPTEMBER 2012
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The system in action
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Demo
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Demo results

Control Panel
Path to
C\Userslultra\Desktop\mol

Choose camera pair
Left Mid

Start frame
1

Outout file
. . . . . L L results txt

50 40 -30 -20 10 0 10 20 30 40 50 60 7O

Match Statistics Window Properties

Frame: 2592/2592, Matches: 1084, Inliers: 715 Frame Quality: 0. ‘ Stop ‘
Frame: 2591/2592, Matches: 1083, Inliers: 785 Frame Quality: 0.706
Frame: 2580/2582, Matches: 1089, Inliers: 753 Frame Cuality: 0.704 Kticks [m] Y-ticks [m] Threshold

Frame: 2583/2592, Matches: 1064, Inliers: 729 Frame Quality: 0.685
Frame: 2538/2582, Matches: 1074, Inliers: 730 Frame Cuality: 06380 10 10 01 Clear

Frame: 2587/2592, Matches: 1069, Inliers: 725 Frame Qualty: 0.678
Frame 2586/2502, Matches: 1109, Inliers: 783 Frame Quality: 0.688
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Future work

e Implement a Kalman filter
e Optimize camera parameters
e Dynamic use of the three cameras

e Adding additional sensors (compass)?
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Questions
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