
attraction, while the probabilities of the colors that are part of
the background are considerably reduced. The ball is reliably
tracked over the entire sequence of 60 frames.

The last example is also taken from the Football sequence.
This time the head and shoulder of player number 59 is
tracked (Fig. 9). Note the changes in target appearance along
the entire sequence and the rapid movements of the target.

6.2 Kalman Prediction

It was already mentioned in Section 1 that the Kalman filter
assumes that the noise sequences vk and nk are Gaussian
and the functions fk and hk are linear. The dynamic
equation becomes xk ¼ Fxk"1 þ vk, while the measurement
equation is zk ¼ Hxk þ nk. The matrix F is called the
system matrix and H is the measurement matrix. As in the
general case, the Kalman filter solves the state estimation
problem in two steps: prediction and update. For more
details, see [5, p. 56].

The kernel-based target localization method was inte-
grated with the Kalman filtering framework. For a faster
implementation, two independent trackers were defined for
horizontal and vertical movement. A constant-velocity
dynamic model with acceleration affected by white noise
[5, p. 82] has been assumed. The uncertainty of the
measurements has been estimated according to [55]. The
idea is to normalize the similarity surface and represent it as
a probability density function. Since the similarity surface is
smooth, for each filter only three measurements are taken
into account, one at the convergence point (peak of the
surface) and the other two at a distance equal to half of the
target dimension, measured from the peak. We fit a scaled
Gaussian to the three points and compute the measurement
uncertainty as the standard deviation of the fitted Gaussian.

A first set of tracking results incorporating the Kalman
filter is presented in Fig. 10 for the 120 framesHand sequence
where thedynamicmodel is assumed tobe affectedbyanoise
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Fig. 8. Ball sequence. The frames 2, 12, 16, 26, 32, 40, 48, and 51 are shown.

Fig. 9. Football sequence, tracking player number 59. The frames 70, 96, 108, 127, 140, and 147 are shown.
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