	CIS 9601 Spring 2011, FINAL EXAM    
(Total: 80 points)


	Name:




	Q1: (2 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, in general,  not yield a flat histogram.




	Q3: (5 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 median filter mask. Assume a filter of size n x n, with n odd, and explain the reason.




	Q4: (2 points) Define a 3x3 edge filter mask  which responds to horizontal edges



	Q5: (6 points) Define an iterative morphological operation based on hit and miss, which converts binary 8-connected boundaries into binary 4-connected boundaries. You may assume the boundary to be fully connected and one pixel thick. How many iterations do you need? What do the required masks for the hit and miss process look like? Hint: the size does not necessarily have to be 3x3 !
Number of iterations: ________

Masks: 




	Q6: (4 points, a: 2 points, b: 2 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):

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:
 


	Q7: (1 point)  Who is the Clown?


[image: image5.wmf]
a) Mr. Sobel

b) Mr. Softy

c) Mr. Canny

d) Monsieur Laplace




	Q8: (5 points) 
Mokhtarian's Curvature Scale Space (CSS) has the disadvantage that it yields different CSS-signatures, depending on the starting point of the 2D boundary; using different starting points shifts the CSS signature along the x-axis. Given two CSS signatures C1, C2 of two shapes, can you think of a way to utilize Fourier Analysis to design a starting point invariant distance measure D(C1,C2)? The task is to find a measure D that is invariant to shifts along the x-axis. Again: this question demands for utilization of Fourier Analysis, solutions which do not make use of Fourier (e.g. window sliding) are not valid.
(please use the back-side of this sheet for your answer)




	Q9: (6 points) With IM being an image in the spatial domain, how do the following operations affect the phase and amplitude in its Fourier Space representation? 
Describe in words or math, whatever is more convenient.
(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




	Q10: (5 points) Write pseudo code that comb-filters an image. The filtering process itself must be done in the spatial domain. How you define the filter is up to you.
Comb filtering removes certain frequencies from the frequency spectrum. In this case, we want to remove all even frequencies, i.e. where at least one direction (x,y) contains an even frequency component.




	Q11: (7 points: 2,3,2) Describe how to design a Hough-transform to find axis-aligned squares of fixed edge length N in an image. 
(a) What’s the dimensionality of the accumulator, which parameters are stored?
(b) How does the entry into the accumulator look for each single pixel of the image? 
(c) How does the dimensionality of the accumulator change if we allow non-axis aligned squares?



	Q12: ( 4 points) 
Please show that the condition p>=1 is crucial in the definition of Lp-metrics, i.e. with p<1 the definition does not yield a metric (a single counter example is a sufficient proof).


	Q13:(6 points) In times of slow internet connections and high amount of image data, it is nice to have an image compression technique that allows transmission of an erroneous yet displayable version of an image first, then to transmit data to refine that image. You might have seen the effect of that on the web: loading images, you first see a blurry or blocky version, which after a while improves. However, the first version gives you already a fast and good impression of the image, leaving the decision to you to wait for the improvement. How does such a compression technique work? Which information of the image is transmitted first? What’s the refinement that is transmitted later?



	Q14: (9 points)Assume two shapes S1, S2 given, decomposed into convex/concave parts as described in the method of Latecki/Lakaemper (the method is called ‘Visual Parts’). Each shape consists of 4 parts. The following matrix gives the polygon-distance between the parts:

S2, part1

S2,part2

S2, part3

S2, part4

S1, part1

0

1

0

2
S1, part2

4

0.1
3

6
S1, part3

5

8

0.3
2

S1, part4

3

6

8

0.1
For comparison of one-to-many parts, assume the average distance, e.g. (S1,part2) vs. (S2, parts 1,2,3) = (4+0.1+3)/3 = 7.1/3.
(This is a simplification that does not match reality, but eases the task of this question).

Assuming that both shapes start with part 1, draw the correspondence graph that gives you the optimal part correspondences and determine the similarity measure between S1 and S2. Hint: Do need NOT draw the entire graph, but only the edges evaluated using Dijkstra’s shortest path algorithm !




	Q15: (15 points, a-e: each 3 points)

The following curves represent the fitness of two datasets during iterative alignment with ICP (left) and FFS(right). The fitness of ICP is defined by sum of squared distance of closest points, the fitness in FFS is the sum of all forces between all points.
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(a)The ICP curve converges monotonically, and typically faster than FFS. Please comment on the reasons for that behavior.

(b) ICP converges faster, but there are also certain advantages of FFS over ICP. Please comment.
(c) Does ICP always converge monotonically? Please explain your answer.
(d) Why does FFS converge?

(e) Why does FFS, in general, NOT converge monotonically?




That's it. Good luck.

