	CIS 9601 Spring 2010, MIDTERM EXAM    (Total: 77 points)

	Name:


	Q1: (3 points) The following figures show image and histogram of a picture before and after enhancement using a certain operation. Which operation was used? Estimate the parameter(s) of the operation. Hint: the operation is NOT histogram equalization.

Operation: ____________________________

Parameter value estimate: _______________

Before

After
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	Q2: (3 points) Explain why the discrete histogram equalization does not, in general, yield a flat histogram.



	Q3: (4 points) Median filters eliminate isolated clusters of dark or light pixels (with respect to the background) whose area is less than one-half the area of the filter mask. Explain the reason.




	Q4: (6 points) A manufacturer of sensors for flatbed scanners realizes, that it's sensor introduces regular noise in the form of parallel equidistant gray bars into the result. The direction of the bars is random, but fixed for a single scan. The distance between the bars is constant. Shutting down the production line of this scanner would leave the company bankrupt. You can save the company with a linear filter. How ?




	Q5: (6 points) Imagine 2 images A,B. A is an image with right half black,  left half white. B is an image with 50% black and 50% white pixels, uniformly random distributed. Surely both images have the same histogram. Please sketch the histogram of A and B after applying the following filter kernels:

Filter
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	Q6: (6 points) Define an iterative morphological operation based on hit and miss, which converts binary 4-connected boundaries into binary 8-connected boundaries. You may assume the boundary to be fully connected and one pixel thick. It simplifies the task tremendously if you define the structuring element only 2x2 pixels wide (not the usual 3x3!).

How many iterations do you need? What do the required masks for the hit and miss process look like?

Number of iterations: ________

Masks: 




	Q7: (a: 2 points, b: 3 points)

(a) Blurring an image increases its entropy E, defined by E(I)=-sum(x * log​(x)).

Give an example ‘proof’ given the following 2 small (1x3) images (a wise choice of the log-base makes this a very simple task):

Image original:

1

4

1

Blurred:

2

2

2

Entropy image 1:

Entropy image 2:

(b) Please design an auto-focus system based on entropy:

 


	Q8: (4 points) Draw the function f(x) = 1 + sin(x) + cos(2x) + cos(4x)




	Q9: (4 points) Common wisdom says: “converting to Fourier space yields translational invariance”. This common wisdom is wrong, or at least not precise enough. Please give the correct, precise statement:which property in Fourier space is invariant to translation?



	Q10: (6 points) With IM being an image in the spatial domain, how do the following operations affect the phase and amplitude of Fourier coefficients of IM’s Fourier counterpart? (k is a scalar value)

1. IM -> k * IM 

2. IM -> IM + k

3. shift IM right by k pixels (e.g. shift with k=2: ABCDEFG->  CDEFGAB)

Effect on Amplitude

Effect on Phase

1

2

3




	Q11: (6 points) Refer to the image A and structuring element B shown. Sketch what the sets C,D,E,and F would look like in the following sequence of operations (C, D, E, F below). Please assume that B is large enough to enclose all noise   
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A

C = erosion(A,B)

D = dilation(C,B)

E = dilation(D,B)

F = erosion(E,B)



	Q12: (8 points) Imagine an image A that is defined by the function A(x,y) = sin(1x + 0y) . Note: this is a basic 2D Fourier function, which in Fourier space is represented by the point (u,v)=(1,0).

Please prove that the Fourier representation of all rotations of A yields a circle in Fourier space. Please assume that we are not in discrete, but in continuous space. Reminder: rotation of A by an angle a is given by the rotation matrix: 

R = | cos(a)   sin(a)  |

    |-sin(a)   cos(a)  |

hint: rotate A and look what happens to (u,v).




	Q13: (4 points) Please draw the (continuous) Fourier spectra of the following 1D filter kernels:



	Q14: (6 points) If you scan a newspaper, you can easily compute the direction of the lines, and the number of lines, if you look at the 2D Fourier representation of the scan (this is very similar to the example in Q4).

How is the line-direction present in the Fourier representation? How do you compute the angle?

How do you compute the number of lines?




	Q15: (6 points) Discrete filter kernels in the spatial domain are limited by their radius. 

(A) Draw the Fourier spectrum of the following 2 kernels, assuming they are applied to a periodic function with a large period. (Hint: to gain the effective kernel from the small kernel, you must (virtually) extend it with zeros to both sides).

Kernel A:         

1

Spectrum:

Kernel B:

0.1

0.2

0.4

0.55

0.4

0.2

0.1

(that's a discrete version of a Gauss Kernel)

Spectrum:

(B) Explain why a kernel with larger radius can make a better low-pass filter than a kernel with smaller radius. 




	That's it! Good luck.


