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Abstract


This paper presents a simple algorithm to track clay pigeons used in skeet shooting and to keep track of hits and misses for each shooter. This algorithm uses background subtraction to locate and track the skeet. As the skeet is tracked the algorithm records whether it is a hit or a miss for the appropriate shooter.

1 Introduction


A skeet
 is a fragile clay disk approximately 5 inches in diameter. These clay targets are thrown into the air using either a hand thrower or a mechanical thrower. Once thrown, the targets are shot using some type of firearm.


Skeet shooting is done for many reasons. Some shooters use this as a way to practice and improve shooting skills. Also, there are limited times when people can hunt certain animals. Many of these times frames are quite small. People shoot skeet when they feel like shooting yet are unable to hunt. Also, people who like to shoot but do not like to kill animals use skeet. This way they are able to shoot firearms without killing any animals.


When shooting skeet, it is easy to track, visually, solid hits. The clay will completely explode into a dust cloud. It is also easy to track clear misses. However, it is hard to track a hit in which the clay target is barely hit. When this happens, the target will change directions suddenly or will begin to spin and its speed will slow. This algorithm is used to help track these hits that a human observer might not be able to see, as well as keep track of all hits and misses for each shooter.


There are two main topics of image processing used in this algorithm. The first topic is opening of an image. This is done by first developing a binary image in which all intensities below a certain threshold are changed to zero. Then an opening algorithm is performed on this image. This removes any noise at the edges of objects, as well as removes any small objects, including the skeet. The reason for this will be explained later.

The second topic used in this algorithm is background subtraction. Background subtraction takes the absolute value of the difference between two images. This is done to remove anything in the background that does not change and is unnecessary to the solution of the problem.


There are several other tracking algorithms that have been developed. One algorithm tracks objects using gradients and the shape of the object. Another tracks feature points in the image [1]. Although both of these algorithms work well, they are a little complicated for this problem. Because the skeet travels against a clear sky, the contrast is such that simple background subtraction can be used.
2 Initializations


There are two initializations that must be made for this algorithm to work properly and in an efficient manner. The first is that the total number of shooters must be inputted. This allows the algorithm to keep track of hits and misses properly for each shooter.


The second initialization is the entrance point for each skeet in each sequence. The purpose of the initializations is to reduce search time in order to increase the efficiency of the algorithm. The algorithm speed is important, because, as will be discussed in the conclusions, an extension to real-time with streaming input will require an efficient algorithm. 


These initializations are allowable because before the shooting starts, the location of the camera and skeet slinger are known. With this information, the initial location of the skeet's appearance (left, right, top, bottom) will be known. Also, the direction of flight will be known. This allows a local search to be used. Finally, although it is not use in this algorithm, speed of the skeet can be used to further minimize search time.
 Using these initializations, the search area can be reduced from the entire image to a local area. This minimizes run-time and maximizes efficiency.

3 Tracking Algorithm


Using two consecutive images from a sequence showing a skeet being shot, background subtraction is performed on slices from the two images. These slices are determined from the initializations mentioned earlier. Thresholding is then performed on the difference map to remove any noise from the image
. Also, since the skeet disappears from the binary image when it is opened, any object that appears in the opened binary image and appears in the difference map (such as trees moving in breeze) is removed from the difference map. The difference map of the slice is then searched for the skeet. This process is repeated until the skeet is found. An example of the difference map for the search area around a skeet can be seen in figure 1.
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Figure 1. Difference map of area


    around skeet.

Once the skeet is found, the highest intensity difference in the difference map is used as the center point of the skeet. This is the point that is tracked. Since the location and travel path of the skeet are known from the initializations mentioned previously, the search area is reduced to a much smaller window size. This window is then oriented for the next search based on known information. This process is repeated as the skeet moves across the sky.


The next step is to record whether the skeet is hit or missed by the shooter. The shot is determined to be a miss if the skeet travels passed a safety threshold
. This threshold is chosen as a certain location in the image. Once the skeet passes this location, the shot is recorded as a miss. A hit is recorded when the tracker remains in the same location for three consecutive frames. When the skeet is hit, it either explodes causing zero difference in the difference map, or it changes its trajectory so much that it does not appear in the window being examined. This causes the tracker to remain in the same place.


After each sequence, the shot is recorded as a hit or miss for the user (shooter). Then the user number is changed appropriately using the initialization information mentioned previously. This is done for all sequences or until halted manually.

4 Experimental Results


The algorithm was developed and tested on ten different sequences. These sequences had varying initial entrance points for the skeet. Also the number of shooters was varied.


For all the sequences the tracker was able to properly track the skeet across the sky, as well as properly record whether the shot was a hit or miss.


The tracker was originally done on the entire image, which caused the algorithm to run relatively slowly. However, once the search was change to a small window, speed was not a factor. Minimizing the window also removed any problems caused by insects that flew in front of the camera.


There is a simple problem with the plotting that occurs in some of the images, especially in the beginning of the sequence. When the different map is developed, both locations of the skeet appear. This causes the algorithm to mark the wrong skeet. However, once the skeet gets far enough away the difference between intensities is great enough for the proper skeet to be tracked.


The resulting images for the tracking in a single sequence can be seen in section 5.

5 Resulting Image Sequences
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6 Conclusions

This algorithm demonstrates skeet tracking using background subtraction. Although this is a rather inefficient method for tracking, by limiting the search area the algorithm was able to track the skeet relatively quickly.


This algorithm was only tested on images that were stored on the computer, however, extension into real-time applications is a feasible idea. In order to be used for competitions, and training, this algorithm must be able to run on a streaming video input. Since the search area is small, the algorithm should be fast enough to track skeet with streaming video. However, some way to tell the algorithm that a new sequence is beginning must be added to the process. This will allow the algorithm to change users and begin a new search.
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�The clay disk is technically called a clay pigeon, and the act of shooting the clay pigeon is skeet shooting. However, the clay pigeon is often referred to as a skeet.


�Speed was not recorded for this algorithm, but can easily be recorded and used for a local search.


�The image sequences used for development were taken with an old analog camcorder. This caused the image quality to be poor, which caused noise background noise.


�A safety threshold is a height in which it is unsafe to spectators or other living creature to shoot at the skeet.





