CIS 601 Homework 5
By Jingting Zeng (Nikki)

The requirement of this homework is to find the gears and their wheels’ number from a given image (as follows). 
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The main idea is: Firstly, extract the boundary information of the 14 objects from this image. Then by calculating the length between center point and boundary, use frequency domain knowledge to distinguish which object is a gear and the number of wheel.  
At first, I exchanged the white and black colors in the image (the result is named b) and then directly used bwlabel command to detect objects. After using the bwtraceboundary command, the result was terrible (as follows).
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There are too much noise, thus, it is impossible to trace boundary. Then I tried to use threshold 0.5 to convert the real number of image b into 0/1 and use morphology method to reduce some noise. The result (the result is named c) is pretty good (as follows).
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So I can trace the boundary of these objects from the image c. After I got the result from this command: [test, num] = bwlabel(c,8);, the number of objects is 16 instead of 14. It means that there is noise in the result, so I defined that the real boundary is larger than 60 points. In this way, I got the 14 objects’ boundary information (as follows).
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 Then I calculated the length between the center point (I used the midpoint among the boundary points as the center point) and the boundary. And then I used FFT formula to get the frequency information of the boundary and transform it into a graph (as follows). At the end, there are the graphs which is similar to the demo program 'Fourier Shape Descriptors'.
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Because the number of gears of a wheel should be a large value, such as 15, and the value should appear between frequency 5 and the maximum frequency (named as pointsize/2 in program), I set the search range between frequency 5 and pointsize/2 and tried to get objects with the maximum value larger than 15. In fact, we don’t need to consider the frequency 1 here, though its value is dominant for a gear. If the object is really a gear in this image, it must satisfy the requirement – the maximum value between frequency 5 and the maximum frequency is larger than 15 which is defined artificially (therefore, it is changeable in different cases). In other words, usually we also need to judge if the value of frequency 1 is the largest value between frequency 1 and frequency 4. 
At last, I got the result: object 1 and 3 are gears, and their wheels number are 30 and 23. From the result, we can see that wheel number of object 3 is obviously wrong. Actually, it is 24. But as the object is shown, the wheels are not distributed evenly, wheels in the upper side with obvious noise. All of these factors would affect the accuracy when looking for the maximum value of frequency after transforming the length into frequency domain. For object 1, the noise in left-down side is too significant; it is not easy to tell the correctness of the wheel’s number. After I calculated the number in the image, this result seemed to be reasonable.
Feeling: it seemed to be a difficulty task, but with different try and practice, after I finished the code, it looked to be simple. Maybe because it is my first time to handle this kind of problem, I couldn’t easily realize the way to solve the problem. Really appreciate helps from classmates Xingwei Yang who told me how to implement bwlabel command in this image successfully and Uros who introduced the idea of distinguishing gears from others after using Fourier transform formula.
· Here are the graphs which is similar to the demo program 'Fourier Shape Descriptors':
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