Impulsive Images

Pixel values for three images (fi[r,c|, fa[r, c], and f3[r,c]) are shown below for |r| < 2 and |¢| < 2. Pixel
values outside the indicated regions are zero.
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Each of the panels below show the magnitude of a 2D DFT calculated for —128<r, ¢c<128 and displayed
with black and white representing the minimum and maximum magnitude in each image. Determine which
of the panels below shows the magnitude of the 2D DFT for each of the images shown above, and enter
its label (A-P) in the corresponding box above.
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Let R=C =128 = N.

fi[r,c] = 8[r+2,c—1] + d[r—2, c+1]
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Notice that all points along the line

[Filke, kel =

ky = keo/2
have the same value of |F}[k,, k]|, and that similar statements hold for lines that are parallel to k, = k./2.
Thus, pixels along downward sloping lines in the k,-k. plane have the same brightness.

Rows of Filky,k.] go through one period of brightness for —C/2<c¢<C/2. However, rows of |F[k,, k]| go
through TWO periods of brightness for —C'/2<c<C'/2 because negative peaks of F} are positive peaks of
|F1l.

Similarly, columns of Fi[k,, k.| go through two periods of brightness for —R/2<r<R/2. And columns of
|F1[ky, k]| go through FOUR periods of brightness for —R/2<r<R/2.

Therefore the answer is G.

fo[r,c] = =6[r+1, c+1] + —=20[r, c+1] + —0[r—1, c+1] + d[r+1, c—1] + 26[r, c—1] + §[r—1, c—1]
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The cosine term is always positive. It reaches a peak at k., = k. = 0 and its closest zeros are at the top and
bottom of the image.

The sine term is zero at k, = k. = 0, it has a peak at k. = C/4 and a negative peak at ¢, = —C/4. After
taking the absolute value, the negative peak becomes a positive peak.

Therefore the answer is J.




falr,c] = 6[r+2,c|] + —=0[r—2,¢] + —d[r, c+2] + d[r, c—2] + +4d[r, ]
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If we break the DFT into 16 equal-sized segments (on a 4 x 4 grid), then sin(4nk,/N) is positive in the top
row and the third row of segments (left figure below) and — sin(4nk./N) is positive in the second and fourth
columns of segments (center figure below). The sum is greatest in the diagonal pattern shown in the right
figure below.
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The magnitudes of the peak negative values of F3 and the magnitudes of the peak negative values of F3 are

equal. Therefore the bright spots in ‘Fg[k‘r, k]| occur in the quadrants shown below.

+ -

Therefore the answer is P.




