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(10pt) For the image in the left figure (which only takes integer values of 0 to 3): a) (2pt)
determine its histogram, b) (4pt) determine a transformation function that will attempt to equalize
the histogram; c¢) (2pt) Show the equalized image using your transformation function in the right
figure; d) (2pt) Show the histogram of the equalized image.

0 0 1 2

Solution:
a)
0.5
0.4
0.3
0.2
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b)
p Ip [Zp*3]
0 2/16 2/16 [6/16]=0
1 5/16 7/16 [21/16]=1
2 7/16 14/16 [42/16]=3
3 2/16 16/16 [48/16]=3
¢)
0[0]1][3
1[1]3]3
1[3]3]3
3131311
d)
0.6
0.4
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0 1 2 3
2. (10 pt) For the 2D filter H given below, where the center position corresponds to m=n=0: a) (2pt)
Is this filter separable? If yes, what is the horizontal and vertical filter? b) (1pt) Based on the filter
coefficients, can you tell what is the function of this filter overall, and what its function in the
horizontal and vertical directions? c¢) (6pt) Determine the discrete space Fourier Transform H(u,v)
of the filter H, and sketch the one dimensional profiles H(u,0), H(u,1/2), H(0,v), and H(1/2,v). You
should use the property of separable functions for computing the DSFT when possible. Note that u
represents the vertical frequency, v the horizontal frequency. (d) (1pt) Based on the frequency
response you derived, can you tell what is the function of the filter? Is this observation consistent
with what you get in part (b)?
-1 2 -1
H=|-2 4 —2]
-1 2 -1
Solution:

a) Yes, this filter is separable. The horizontal filter is [-1 2 -1], and the vertical filter is [1 2 1].
b) The filter is a vertical edge detector. It’s low-pass in vertical direction, high-pass in horizontal
direction.



¢) H(u)=2+2cos2mu, H(v)= 2-2cos2nv. The filter is separable, so the Fourier transform H(u,v)=
(2+2cos2mu)(2-2cos2nv)

H(u,0)=H(0.5,v)=0, H(u,0.5)=8(1+cos2mu), H(0,v)=8(1-cos2xv)

H(u,0.5):

H(0,v):
d) The same as part b.
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Lxx A3 Ab +16 + 32 = 4 §o
(& (an)
bxXdxBa+ B3+ b4 = 4704
(& (an)
(&axsxm 3&)+3A)+ b4 = A319
() (&w)
(4733 216) + b+ 327 = 1abh
) Lan)
(Rx3 x5 110) 4—(12 + 3 = Absb
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Rn. BN = 23957
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We have considered both with bias and without bias solutions
as correct, but deducted points for not including batch norm
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class Net(nn.Module):
def __init__(self):

super(Net, self).__init_ ()
self.conv1 = nn.Conv2d(3, 16, 3)
self.on1 = nn.BatchNorm2d(16)
self.pool = nn.MaxPool2d(2, 2)
self.conv2 = nn.Conv2d(16, 32, 3)
self.bn2 = nn.BatchNorm2d(32)
self.conv3 = nn.Conv2d(32,32,3)
self.bn3 = nn.BatchNorm2d(32)
self.up = nn.Upsample(scale_factor=2)
self.conv4 = nn.Conv2d(64,16,3)
self.on4 = nn.BatchNorm2d(16)
self.conv5 = nn.Conv2d(32,16,3)
self.bn5 = nn.BatchNorm2d(16)
self.conv6 = nn.Conv2d(16,1,3)

X — X

print("total parameters: ",sum(p.numel() for p in net.parameters()))
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