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With the increasing use of CCTV cameras many efforts have been made to
automate the analysis of video streams in order to improve their efficiency.
Wide angle cameras can be used to monitor a wide scene, their interest
is however limited by their low resolution when it comes to analysing
the scene. Pan Tilt Zoom (PTZ) cameras have two rotation axis and a
zoom function which enable focusing on a part of the scene at any suitable
resolution. The obvious drawback of the PTZ sensor is its limited field of
view.

We propose a background subtraction algorithm adapted to the par-
ticular case of a PTZ camera performing a guard tour. The guard tour
consists in a set of predefined positions (pan, tilt, zoom), and the back-
ground model at each of these position is an image.

Registering images Due to mechanical imprecision on the pan tilt and
zoom parameters, the most stable keypoints, the one with the highest Har-
ris scores, are used to register the current image on the background image
by robustly estimating a homography. Registering the current image on
the background image does not require to compute extra keypoints since
we use the same keypoints as those used in the following background
subtraction phase.

Matching keypoints SURF descriptors are computed on both back-
ground and current image at the positions of Harris keypoints found on
both images.

Keypoint density estimation Once we have a set of non matching key-
points, we estimate their density d using a Kernel Density Estimation
algorithm (see figure 1).

Let (p1, . . . , pN) be the N non matching keypoints, then
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with K being a kernel function, is an estimation of the value of d to the
pixel x. The parameters h is a smoothing parameter which specifies the
influence of each observation on its neighbourhood.

Background update Let bgn and imgn be the background image and
the current image at step n, and x be a pixel. We apply the following
updating rule:

If d̂h(x) > s,
bgn(x) = bgn−1(x). (2)

Else,
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Experimental results This simple yet effective background subtrac-
tion algorithm we propose proves to be robust to changes in illumination
(see figure 2). A probability density function is computed by examining
matching failures between the background model and the query image.

Figure 1: Left: Non matching keypoints between the background image
and the current view. Right: The associated density probability function.
Blue is for low, green for medium and red for high density values.

Figure 2: Precision and recall curves for the Light change sequence. Left:
curves computed on a subsequence reduced to the period of an important
change in illumination. Right: curves computed on a subsequence where
there is no sudden change in illumination.

We successfully apply this algorithm to the challenging case of PTZ cam-
eras performing a guard tour and for which illumination issues are critical.
Experiments show that the proposed approach is more robust to this phe-
nomenon than other methods. Our algorithm successfully detects blobs
with a precision sufficient as a first step toward an object detection appli-
cation.
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