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1. INTRODUCTION

In this paper, we propose a real time, robust, contour tracker for vehicles in low contrast, grayscale, IR images captured from
a remote aerial moving platform. Poor quality imagery, lack of a background model, lack of a motion model and lack of any
training data make the job challenging, but realistic. Under these conditions, standard approaches of contour evolution using
energy minimization methods perform poorly. Moreover, such approaches are computationally expensive and are dependent on
good initialization. Our approach, based on a combined Harris corner and Elliptical Fourier strategy, works exceptionally well

in real time and is robust to different initializations.

1.1. Current Approaches

To the best of our knowledge, our approach is unique. Other researchers have used corner matching or Elliptical Fourier Trans-
forms, but in different ways. In [1] the authors use corner matching to determine the six parameters of an affine transform
between images to be matched. Since the affine transform requires three matches, they use the three vertices created with a
Delaunay triangulation. They extend this approach by using additional metrics such as curvature. We do not use this approach
since the number of corners we have are not large enough to justify the additional computational complexity of determing a
triangulation and then an image warp based on the affine parameters. [2] uses gradient information in addition to corners for
corner matching. For matching distance, traditional similarity measures include the widely used mean square difference, corre-
lation coefficient, normalized correlation coefficient or information theoretic measures such as joint entropy, mutual information
or normalized mutual information. The latter approach is used in [3]. For contour tracking, [4] introduce a shape prior on the
snake algorithm using Fourier descriptors, and [5] also help the snake algorithm by processing flow information. However,
this is computationlly complex and we don’t use flow information. [6] combines corners and snakes in that corners are used as

energy minimization points. [7] uses mixtures of probabilistic PCA on appearance models followed by particle filter tracking.

1.2. Proposed Approach

Our experiments on remote aerial IR imagery show that in many cases, of all traditional region or edge based metrics employed

for target correlation, corner information can be the most useful. This is because certain targets, including vehicles, demonstrate
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Fig. 2. Snakes curve evolution for three different initializations on the same image. The red curve is the initialized curve that
is evolved using the snakes method. Its final evolved, and energy optimized, form is shown in blue. Notice that this method is
highly dependent on the initialization. (Every figure on the right corresponds to the figure on its left).

typical specular points in the IR domain. For vehicles, these points can result at the tires due to the heat generated from friction.
This is shown in Figure 2.

While corners can be strong and therefore a useful feature to track, IR images can be quite noisy, making it difficult to
use gradient based methods for contour evolution. Moreover, smoothing to reduce the noise can deplete the already weak
boundaries. A solution involving anisotropic diffusion coupled with contour evolution can be expensive at the very least, and
quite brittle at best. We therefore propose a solution involving Harris corners, which are are robust and computationally efficient,
followed by an elliptical fourier computation for curve evolution, which again is an extremely low cost operation. The result is
robust, real time, contour tracking on vehicles acquired from remote IR acquisition systems. Our proposed approach is shown

in Figure 1.

2. EXPERIMENTS AND RESULTS

We experiment with an IR sequence of images in which a police car is in hot pursuit of a target vehicle. Tracking experiments
in general include all or some of the following steps: feature selection, feature detection, i.e. getting observations, observation

correspondence, data fusion, and state estimation. We now explain our specific experiments under the broad context of these
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Fig. 3. Harris corners are a good indicator of vehicles in IR images. Plotted are the strongest corners in the entire image. Notice
that this approach works well even for different rotations of the target, or different aspects.

points.

2.1. Contour Evolution Using Snakes.

For comparison purposes, our initial experiments were with contour evolution using the snakes energy minimization technique.
This is shown in Figure 2. We manually select a piecewise linear curve, plotted in red. This is to simulate a given time
instance in the tracking sequence where you have a predicted contour and you want to evolve it for data fusion with the current
measurement. This curve is then optimized and plotted in blue. It can be seen that a good initialization in Figure 2(a) allows
the snake to evolve to a reasonable estimate of the actual contour of the vehicle. However, in Figure 2(c) the curve is attracted
towards the road edge. Figure 2(e) represents yet another scenario where the contour is stuck in local minima created by noise.
This shows that results are very sensitive to initialization. This of course is a well known phenomenon for snakes, but presents
a problem in tracking situations. The computational complexity of snakes also makes them infeasible for use in real time

situations.

2.2. Harris Corners and Elliptical Fourier Representation.

We now present our approach that leads to robust real time contour tracking. The advantage of this approach is shown in
Figures 3 and 4. The figure shows that strongest Harris corners in the image belong to the vehicle. This happens to be true
through almost the entire sequence. In this image, and in subsequent images, Harris corners turn out to be quite distinct, and

clearly separate the foreground from the background. We therefore decided to use Harris corner aided contour evolution.

For tracking, we have to correspond our Harris corners in subsequent images. We do this by using the normalized correlation
coefficient over a 50x50 pixel window placed over the corner to be matched. Since the airborne imaging platform and the target
vehicle are both moving, it is difficult to get a motion model for the target, and this is the reason for selecting a window all
around the corner rather than only in the direction of target motion. Once corners are matched, unmatched corners are projected
using an average of all the motion vectors for the matched corners. These corners are then fitted with an elliptical fourier curve

that represents the contour of the target at that point (Figure 4).

For quantitative results, for several thousand low quality, low contrast, images, we see that curve evolution using snakes is
highly dependent on initialization and its performance is therefore difficult to quantify. For our Harris Corner based approach,
we get a correct contour in over 90% of the cases tested.
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Fig. 4. Generating contours using Harris Corners and Elliptical Fourier components.

3. CONCLUSIONS

Our results show using Harris corner matching followed by an elliptical fourier representation of the contour enclosing the
Harris corners is an extremely efficient way of vehicle contour tracking on IR imagery from moving remote aerial platforms.
Moreover, it works well over 90% of the time. We show that energy minimization using the snakes algoritm can be quite brittle,

and is extremely sensitive to initialization. Our next goal is to demonstrate this approach for multiple targets.
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