| mage Landmarks: Application

For a recent application of image landmarks, consider the MaveIiRTeach and Repeat task.
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Rover @ UTIAS. Images from Furgale, 2011.

Teach. Manually drive a rover over a path on the surface of Mars.
1. SURF keypoints (aka image landmarks) are extracted from steneeras on the rover.

2. The resulting keypoints are compiled into local 3D maps.

Repeat. The rover autonomously traverses the same path, using the Stgfi6 points to:
1. Perform visual odometry (infer its 3D motion through the environtne

2. Match its position and pose with respect to the stored 3D maps
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Matching SURF Keypoints

SURF keypoints are extracted and matched in real time. Thesesadeta build a 3D stereo point
cloud, with each point associated with a keypoint descrigfaillections of SURF keypoints prove to
serve as reliable landmarks (modulo strong lighting changes).

SURF points.
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(Left-Right) Mathed Stereo Points. Tracked 3D Points (left) and Inliers (right) (all imagesrfré-urgale, 2011).

Seeht t p: / / www. yout ube. com’ wat ch?v=5bcKwr L_1As for a video of the UTIAS robot following a

pre-trained path over rough terrain.
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Discussion Question

Significant changes in lighting lead to failures in matchingR¥ points between the current image
and the stored 3D map. Are we lost yet?

Lighting changes and lack of distinguishing landmarkso(fiFurgale, 201.)
How would you build image landmarks for this type of surface, Isat they tolerate the range of

lighting conditions illustrated above?
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Google Goggles

A large scale commercial application of local image featurésasgle Goggles:
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Golden Gate Transportation District
Golden Gate Bridge. Rated #1 San Francisco

Attraction. Golden Gate Bridge Rated &1 San
Franclsco Attraction

Fromhtt p: / / www. googl e. com nobi | e/ goggl es/ #l andmar k

A key problem is the immense size of the image database beanghssl, with the current goal in the
billions of images. For recent results on 100 million imagethmdatabase, see Mohamed Aly, et al,
BMVC, 2011.
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M otivation for Parameter Estimation

Parameter estimation is critical to following tasks, which walleutilized in the Visual Teach and
Repeat task (it is less important for Google Goggles):

e match keypoints across two stereo views for the purpose of ctfigrthe stereo system, or for
inferring 3D depth for the keypoints;

e match keypoints across multiple views of a stationary/rigid@ipect (e.g., the Mars landscape)
for the purpose of visual odometry;

e match keypoints between an image of a stationary scene aondea SD keypoint cloud-map for
the purpose of self-localization within the map.

We discuss parameter estimation starting now.

Later in this course we will apply what we learn about parametemation to many tasks, including
stereo and multiview reconstruction.
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