Frame 1

Frame 2

Original frame pairs

Composite

(mosaic)

Proposed projective estimator

Coordinate transformation applied to frame 2 Absolute value of difference

Affine estimator

Composite

(mosaic) Coordinate transformation applied to frame 2 Absolute value of difference

Method fails Method fails Method fails

Figure 7. Some examples illustrating the performance of the proposed projective estimator in comparison to the affine estimator. In each case, there were ten iterations of the algorithm (proposed or affine). The first two examples are from the MIT bookstore sequence. The first of these illustrates a moderately large change in perspective -- a significant ‘‘keystoning’’ (cross-chirp in y-direction) of the coordinate transformed frame is evident. The affine model fails to capture the essence of this coordinate transformation. The second example illustrates extreme change in camera position and orientation. The third example shows a flat surface chosen for its lack of obvious features. It is interesting to note that attempts to register this frame pair by hand (clicking mouse coordinates for correspondences) failed, while the proposed method allows the coordinate transformation to be found automatically, quickly, and accurately. The fourth example is that of poor quality (‘‘noisy’’) video of a football game. Since the football images contain a great deal of fine detail (high-frequency content) that is not evident in the above images, we present enlarged versions on the following page. Note the white spots in the difference image. These are due to players running around on the field -- the players moved a considerable distance in the 2 seconds that elapsed between these two video frames. It appears, despite the video noise and the movement of the players (which might also be interpreted as a kind of noise), that the proposed projective estimator is still more robust than the affine estimator.

(Results in last row are presented, enlarged, on the next page)