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On the website is a function heq.m which is intended to perform histogram
equalization of an image. Please modify the code (near the line labeled ADD YOU
CODE HERE) to compute the histogram of the input image. Do not use the hist
function in Matlab but rather write your own code. Specifically, for an input image
with N graylevels, the result of your processing should be an N X 1 vector called pr
where each element of that vector contains the number of pixels in the image with
the corresponding gray value divided by the total number of pixels in the image.
For example in a 256 X 256 image, pr (1) would contain the number of pixels in the
image whose graylevel is O divided by 256

There are a number of ways of approaching this problem. On the web site is a solution
using the single line

% Size of the input image
[nr nc] = size(f);

% Total number of pixels
n = nr#*nc;

for idx = 0:(N-1)
This is the key line of code as it finds the number of occurrences of
pixel with gray level idx in the image
pr(idx+1l) = sum(sum(f==idx))/n;
end

oe

oe

Let’s pull this apart a bit to see what is going on. First, n is the number of pixels in the
image computed using the size function. Now, the for loop covers all 256 graylevels in
the image starting from 0. The expression £==idx is a matrix the same size of £ where
there is a 1 in every pixel where the grayvalue is equal to level idx and a zero else.
Next, sum( f==idx) returns a row vector summing each column in this matrix so we
need to sum again to get the total number of pixels in £ with gray level idx.

An alternate implementation could involve a double for loop:

pr = zeros(N,1);
for ridx = l:nr % Loop ever all columns
for cidx = 1l:nc % Loop over column

gl = f(ridx,cidx);

oe

Get the gray value

for the pixel at this row and column
Increment element of the vector

pr for this graylevel

oe

oe

pr(gl+l) = pr(gl+l)+1;

oe

end
end
pr = pr/n;
pin = pr;



2. Apply the final form of heq.m to the small image in McAndrew Problem 4.7 on
page 85 of the text to make sure it is working properly.

The code for the solution is provided in the file ps04.m. The results are as follows.

In table form, the histogram of the input image is

Graylevel Counts
0 0
1 0
2 1
3 2
4 2
5 2
6 2
7 3
8 5
9 3
10 5
11 4
12 7
13 5
14 8
15 3
16 4
17 2
18 3
19 3

The transformation is

Input graylevel Output graylevel
0 0
1 0
2 0
3 1
4 1
5 2
6 3
7 4
8 5
9 6
10 7
11 9
12 11
13 12
14 15
15 15
16 17
17 17
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And the final image is:
g =
11 3 2 12
9 7 5 2
6 5 1 1
7 4 1 0
17 6 12 12
11 7 15 15
9 5 7 11
5 3 1 4
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3. Use heq.m to solve problem 4.10 in McAndrew.

The code for this problem is provided in the file ps04 .m. The results are given in the
picture below. We see that, using imshow, the initial image is quite dark as is confirmed
by the very leftward skewed histogram. Equalization significantly spreads the histogram
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over the full range of 256 graylevels resulting in a much-improved looking picture.
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4. Explain why the transformation
s=cr 1 >0

Can either lighten or darken an image depending on y. How should c be chosen to
ensure that s=255 when r=255?

First, we note that the normalization condition can be satisfied as follows

25 i,
9557 255

255 = 2557 — ¢ =

In the figure below, we plot the transformation for two values of g, one less than one and
the other greater than one. Since smaller graylevels correspond to darker shades we see
that for g<l, we are mapping dark graylevels into lighter ones (i.e., s > r) so we would
expect to lighten the image. Likewise for g>0, the transformation transformation has s<r
output graylevels are darker than the input.
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5.

Implement piecewise linear stretch with three pieces that are not anchored to (0,0)
and (255, 255). Feel free to modify existing code. Experiment with it to see how
“best” to choose the breakpoints. Write up results.
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The situation we have is shown in the picture to
the left. Unlike the case covered in class, here it
is not required that the first point be at (r=0,s=0)
nor the last at (r=255,s=255) although in order to
make sure we cover all input graylevels, we do
have to start at r=0 and end at r=255. The
equations for each of the lines is

S1 — S0
li: s = so+—r
1
S9 — 81
l22 s = 81+ (T'—Tl)
o — 711
S§3 — S2

l3: s = s (r—ra)
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255 — T2



