Spring 2024 CSCE 763: DIGITAL IMAGE PROCESSING

Homework #3
Due 2:20pm, Wednesday, February 14tk

1. Two N x N images shown below are quite different, but their histograms are the same. Suppose
that each image is blurred with a 3x3 averaging mask. Please ignore the low quality of the
images. You can assume all the black regions have a uniform intensity of 0, and the white regions
have a uniform intensity of 255. (20 pts)

(a) Would the histogram of the blurred images still be equal? Explain.

(b) If your answer is no, sketch the two histograms.

(c) Bonus question: Discuss how the histogram of the blurred Figurel(b) is affected by different
image size N. (5 pts)

Figurel. (a) An image with white intensities on left and black intensities on the right. (b) A
chessboard image.

2. Consider spatial filtering.

(@) Suppose that you filter an image f(x,y), with a spatial filter mask w(x,y), using
convolution, as defined in Eq. (3.4-2), where the mask is smaller than the image in both
spatial directions. Show the important property that, if the coefficients of the mask sum to
zero, then the sum of all the elements in the resulting convolution array (filtered image) will
be zero also (you may ignore computational inaccuracies). Also, you may assume that the

border of the image has been padded with the appropriate number of zeros. (10 pts)
a

b
WENBFEY) = Y ) wis,Ofx—sy-0  (34-2)
s=—at=-b
(b) Would the result to (a) be the same if the filtering is implemented using correlation, as
defined in Eq. (3.4-1)? (10 pts)
a

w(x, y)Of(x,y) = Z Z w(s,t)f(x+s,y+t) B4-1)

s=—at=-b

3. The three images shown were blurred using square averaging masks of sizes n=23, 25, and 45,
respectively. The vertical bars on the left lower part of Figure 2(a) and (c) are blurred, but a clear
separation exists between them. However, the bars have merged in image Figure 2 (b) in, in spite



of the fact that the mask that produced this image is significantly smaller than the mask that
produced image Figure 2 (c). Explain the reason for this. The vertical bars are 5 pixels wide, 100

pixels high, and their separation is 20 pixels. (Hints: you can simplify the problem by considering
a single scan line through the bars in the image.) (20 pts)
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Figure 2. Three images smoothed by averaging using different filters
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In a given application an averaging mask is applied to input images to reduce noise, and then a
Laplacian mask is applied to enhance small details. Would the result be the same if the order of
these operations were reversed? (20 pts)

Given a 3x3 filter shown in Figure 3 (a), perform the image filtering using convolution on
(a) a 2x2 image as shown in Figure 3 (b) (20 pts)
(b) a 3x3 image as shown in Figure 3 (c) (10 pts)

Give the FULL filtering result for each filtering process. (Hint: you need to assume an
appropriate zero mapping.)
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Figure 3.



