Image processing for bioinformatics

Laboratory
Images, histograms and point operations

1 Description
This document presents examples of functions to perform simple point operations on images, implemented in

Matlab.

In this task, the examples should be reproduced and the requested functions should be implemented.

2 Examples

2.1 Read and show images

Code Image
1 % Read and show a RGB image SHEOIBl S Bu RS oE

2 cle; clear; close all;

3 figure(’Name’,’Show image’,’NumberTitle’,’off’);
4 Imgl = imread(’appleColor.jpg’);

5 whos Imgl

¢ imshow(Imgl)

Command window

Name Size Bytes Class Attributes
Imgl 375x500x3 562500 uint8

Table 1: Read and show a RGB image

Code Image

1 % Read a RGB image, show a gryscale image

figure('Name’,’Show image’,’NumberTitle’,’off’);

Imgl = imread(’appleColor.jpg’);

Img2 = rgbh2gray(Imgl); imshow(Img2); whos Img2

title(['imread — range of values: [, num2str(min(Img2(:))), ’, ’,
num2str(max(Img2(:))), '|'])

Img3 = im2double(Img2(:,:,1)); imshow(Img3); whos Img3

title(['im2double — range of values [/, num2str(min(Img3(:))), ’, ’

num2str(max(1mg3(:))), } }) im2double - range of values [0, 1]

imread - range of values: [0, 255]
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Command window

Name Size Bytes Class Attributes
Img2 375x500 187500 uint8

Name Size Bytes Class Attributes
Img3 375x500 1500000 double

Table 2: Read a RGB image, show a gryscale image



Code

Image

1 % Read and show a gryscale image

2 figure(’Name’,’Show image’,’NumberTitle’,’off’);

Imgl = imread(’img02.png’);

Imgl = Imgl(:,:,1);

whos Imgl

[min="num2str(min(Imgl(:))) ', max=" num2str(max(Imgl(:)))]
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Imgl = double(Imgl(:,:,1));

9 whos Imgl

10 [min="num2str(min(Imgl(:))) ’; max="num?2str(max(Imgl(:)))]
11 [m,n] = size(Imgl);

12

13 subplot(1,2,1); imshow(Img1,[0,255]);

14 title([Matrix ', num2str(m), * x ’, num2str(n)])

subplot(1,2,2); imshow(Img1’,[0,255]);

16 title([Matrix ’, num2str(n), * x ’, num2str(m)])
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Command window

Attributes
‘min = 1, max = 246’

Name Size Bytes Class
Imgl 640x426 272640 uint8

Name Size Bytes Class Attributes
Imgl 640x426 2181120 double ’min = 1; max = 246’

Ele Edit View Inset Tools Desktop Window Help -

NEEdS| kA UDEA-B|0E| D

Matrix 640 x 426

Table 3: Read and show a gryscale image

Code Image
1 % Histogram
2 figure('Name’,Histogram’,’NumberTitle’ ’off’);
3 Imgl = imread(’img02.png’); S—
— .. . File Edt View Insert Tools Desktop Window Help
+ Imgl = qmgl(""l))’ DA bR 0DEAL-|B|DB =D
5 [m,n] = SIZe(Imgl); Original image [0,255] my histogram

=

myHist = zeros(256,1);

fori=1m

forj=1m

o myHist( Img1(i,j)+1 ) = myHist( Img1(i,j)+1 ) + 1;
10 end

11 end

12 subplot(1,2,1); imshow(Img1,[0,255));

13 title(’Original image [0,255])

14 subplot(1,2,2); bar(myHist);

15 title('my histogram’); ylim([0 max(myHist)x1.01]);
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Table 4: Histogram




2.2 Point operations

Code

Image
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% Brightness, Brightness substraction stttk
clc; clear; close all;
br = 0.50;
figure('Name’,’Show image’,’NumberTitle’,’off’);
Imgl = imread(’img02.png’);
Imgl = im2double(Imgl(:,:,1));
[m,n] = size(Imgl);
mat = zeros(m,n);
% mat = Imgl+br;
fori = 1:m
for j = Lin
mat(i,j) = Imgl(i,j)+br;
end
end

subplot(1,2,1); imshow(Imgl,[0,1]);
title(’Original image [0,1])

subplot(1,2,2); imshow(mat,[0,1]);

title(['New image, Brightness='num2str(br)])

Fle Edt View Insert Iools Desktop Window Help
DEAe| A0 EL-B(0E|aD
Brightness=0.5

Original image [0,1] New i

File Edit View Insert Tools Desktop Window Help
DI HRAAVDEL-|E|0E|mDO

Original image [0,1] New image, Brightness=-0.5

Table 5: Brightness and brightness substraction

Code

Image
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Do Threshold sk ks stk sk sk ko s sk sk s stk sk ok stk ook etk sk ok ook o
th = 0.25%255;
figure(’Name’,’Show image’,’NumberTitle’,’off’);
Imgl = imread(’img02.png’);
Imgl = double(Imgl(:,:,1));
[m,n] = size(Imgl);
mat = zeros(m,n);
% mat = Imgl < th;
fori=1l:m
forj=1mn
if Imgl(i,j) < th
mat(i,j) = 0;
else
mat(i,j) = 255;
end
end
end
subplot(1,2,1); imshow(Img1,[0,255]); title(’Original image [0,255]")

subplot(1,2,2); imshow(mat,[0,255]); title([New image, Threshold=’

,num?2str(th)])

Ele Edt View Insert Iools Desktop Window Help
DU HS| KRN EL-|E(0E|aDO

New image, Threshold=63.75

Original image [0,255]

Table 6: Threshold




Code

Image

1 % C()Iltl"d‘st Sk sk sk sk sk sk sk sk skoskosk sk sk skosk sk sk skoskosk sk skosk sk sk skoskoskosk sk skokosk sk skokosk sk skoskokok >k
clc; clear; close all;
3 cr =.2;
figure('Name’,’Show image’,’NumberTitle’,’off’);
Imgl = imread(’'img02.png’);
Imgl = double(Imgl(:,:,1));
[m,n] = size(Imgl);
mat = zeros(m,n);
% mat = (Imgl — 0.5) * cr + 0.5;
10 fori = 1:m
11 forj=1m
12 mat(i,j) = (Imgl(i,j) — 0.5%255) * cr + 0.5%255;
13 end
14 end
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16 subplot(1,2,1); imshow(Img1,[0,255]); title(’Original image [0,255]")
17 subplot(1,2,2); imshow(mat,[0,255]); title([New image, Contrast=",
num?2str(cr)])

File Edit View Insert TIools Desktop Window Help
NEAe| AV EAL-B(0E|aD
Original image [0,255]

New image, Contrast=0.2

Eile Edit View |nsert Tools Desktop Window Help -
DEES B RAUDRL- (208D

Original image [0,255]  New image, Contrast=1.2

Table 7: Contrast

Code

Image

1 % Brightness changes depending on the position sk
clc; clear; close all;

figure('Name’,’Show image’,’NumberTitle’,’off’);

Imgl = imread(’img02.png’);

Imgl = im2double(Imgl(:,:,1));

6 [m,n] = size(Imgl);

Bow N

o

7 mat = zeros(m,n);
8
o fori= 1:m

w0 forj=1m
11 mat(i,j) = Imgl(i,j) + 0.5%i/m + 0.5%j/n;

12 end

13 end

14

15 subplot(1,2,1); imshow(Imgl, [0,1]); title("Original image [0,1])

16 subplot(1,2,2); imshow(mat, [0,1]); title({'New image’, [ Brightness
position depending’]})

File Edit View Insert Tools Desktop Window Help
EEERN R AR

New image
Original image [0,1]  Brightness position depending

Table 8: Brightness changes depending on the position




Code Image

1 % Clamping scskssoksksksrorsksrook ook

2 a = floor(0.25%255);

3 b = floor(0.75%255);

4 figure(’Name’,’Show image’,’NumberTitle’,’off’);
5 Imgl = imread('img02.png’);

6 Imgl = double(Imgl(:,:,1));

7 [m,n] = size(Imgl); File Edit View Insert Tools Desktop Window Help

s mat = zeros(m,n); EEEDDREE R AR R
9

10 for i = 1l:m

11 forj= lin

2 if Imgl(i,j) < a

ew image
Original image [0,255] Clamping=[63,191]

-

13 mat(i,j) = a;

14 elseif b < Imgl(i,j)
15 mat(i,j) = b;

16 else

17 mat(i,j) = Imgl(i,j);
18 end

19 end

20 end

21

2 subplot(1,2,1); imshow(Img1,[0,255]); title(’Original image [0,255]")
3 subplot(1,2,2); imshow(mat,[0,255]);
4 title({"New image’, [Clamping=[" num2str(a),”,’,num2str(b),’|’]})
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Table 9: Clamping

Code Image

1 % Intensity Windowing sk sk ok

2 a = floor(0.25%255);

3 b = floor(0.75%255);

1 M = 255;

5 figure(’Name’,’Show image’,’NumberTitle’,’off’);
6 Imgl = imread('img02.png’);

7 Imgl = double(Imgl(:,:,1));

Eile Edit View Insert Tools Desktop Window Help

s [m,n] = size(Imgl); DEEL|h|RAO0EL-|a[0E 8D
9 mat = zeros(m,n); Windowed image
10 Original image [0,255] Range=[63,191] M=255

11 fori=1:m

12 forj =1

s if Imgl(i,j) < a

4 mat(i,j) = 0;

15 elseif b < Img1(i,j)
16 mat(i,j) = M;

[

-

17 else

18 mat(i,j) = M * (Imgl(i,j) — a) / (b — a);
19 end

20 end

21 end

22

23 subplot(1,2,1); imshow(Img1,[0,255]); title(’Original image [0,255]")
24 subplot(1,2,2); imshow(mat,[0,255]); title({"Windowed Image’,[ ’
Range=[",num2str(a),’,”,num2str(b),’] M="num2str(M)]})

Table 10: Intensity Windowing
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% Histogram equalization Matlab skttt skofokkskoskoksksk ook skook ok ok skok ok skokook ok
figure(’Name’,’Show image’,’NumberTitle’,’off’);

Imgl = imread(’img02.png’);

Imgl = (Imgl(:,:,1));

[m,n] = size(Imgl);

% Compute the histogram
[myHist,binLocations] = imhist(Img1);

% Normalize histogram
myHistNorm = myHist/(msx*n);

% Cumulative histogram
myHistCum = cumsum(myHistNorm);

subplot(2,3,1); imshow(Img1,[0,255]); title(’Original image’)
subplot(2,3,2); bar(myHist); title("Histogram’); ylim([0 max(myHist)*1.2]);
subplot(2,3,3); plot(myHistCum); title(’Cumulative histogram ’);

Img3 = histeq(Img1); % Histogram equalization
% Compute the histogram

[counts,binLocations] = imhist(Img3);

subplot(2,3,4); imshow(Img3,[0,255]); title('Image with EH matlab’)
subplot(2,3,5); bar(counts); title"EH matlab’); ylim([0 max(myHist)*1.2]);

% Normalize histogram
myHistNorm3 = counts/(msxn);

% Cumulative histogram
myHistCum3 = cumsum(myHistNorm3);

subplot(2,3,6); plot(myHistCum3); title(’Cumulative EH matlab’);

Image

FEile Edit View [nsert Tools Desktop Window Help

NS AR ODEL- |2 |08 | DO
Original image w1nt Histogram 1 Cumulative histogram
2
0.8
1 0.6
i 0.4
0.5 0.2
0 0
0 100 200 0 100 200 300
Image with EH matlab 1t EH matlab q Cumulative EH matlab
2
0.8
ta 0.6
i 0.4
. 1/ —
0 100 200 0 100 200 300

Table 11: Histogram equalization




3 Assignment

1. Implement two of the following point operations:

Image

a Show image

File Edit Wiew Insert Tools Desktop Window Help

NEHS | ARV RLA- (2|08 =D

Original image [0,1] exp(x)

1/x

Table 12: Real-valued functions

2. Implement the histogram equalization (Table 11) without Matlab functions

imhist, cumsum and histeq.




4 Solutions

1. Implement two of the following point operations:

Code - Real-valued functions

%% Real—valued functions skttt toskokskkokotokokokok koo Rk okokokkok
cle; clear; Y%close all;

figure('Name’,’Show image’,’NumberTitle’,’off’);

Imgl = imread('img02.png’);

Imgl = im2double(Imgl(:,:,1));

[m,n] = size(Imgl);

matExp = exp(Imgl); % enhancing contrast of brighter regions
matLog = log(Imgl%255); % reducing contrast of brighter regions
matlnv = 1./(Imgl);

11 matPower2 = Imgl."2;

matInverted = max(Imgl(:)) — Imgl;
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14 Img2 = mat2gray(matExp);

15 Img3 = mat2gray(matLog);

16 Img4 = mat2gray(matinv);

17 Imgh = mat2gray(matPower2);
18 Img6 = mat2gray(matInverted);

19

20 subplot(2,3,1); imshow(Img1); title(’Original image [0,1]")
21 subplot(2,3,2); imshow(Img2); title(’exp(x)’)

22 subplot(2,3,3); imshow(Img3); title("In(x%255)")

23 subplot(2,3,4); imshow(Img4); title(’ l/x’)

24 subplot(2,3,5); imshow(Img5); title('x"2’)

25 subplot(2,3,6); imshow(Img6); title("’1—x")




2. Implement the histogram equalization (Table 11) without Matlab functions imhist, cumsum and histeq.

Code - My Histogram equalization

[

%% My Histogram equalization sk sk ko sk s sk sksksk ok sksk ko sk sk ok skt sk oksk ok ok ok ok
figure(’"Name’,’Show image’,’NumberTitle’,off’);

Imgl = imread('img02.png’);

Imgl = (Imgl(:,:,1));

[m,n] = size(Imgl);

myHist = zeros(1,256);

myHistCum = zeros(1,256);

% Compute the histogram

fori=1m

w0 forj=1m

11 myHist( Img1(i,j)+1 ) = myHist( Imgl(i,j)+1 ) + 1;

12 end

13 end

12 % Normalize histogram

myHistNorm = myHist/(msx*n);

% Cumulative histogram

17 tmp = 0;

18 for i = 1:256

19 tmp = tmp + myHistNorm(i);

myHistCum(i) = tmp;

21 end

% Compute image with histogram equalized

23 Img2 = zeros(m,n, uint8’);

24 for i = Iim

25 for j = Lin

26 Img2(i,j) = uint8(255*xmyHistCum( Imgl1(i,j)+1 ));

27 end

28 end

subplot(2,3,1); imshow(Img1,[0,255]); title(’Original image’)
subplot(2,3,2); bar(myHist); title('my histogram’); ylim([0 max(myHist)*1.2]);
31 subplot(2,3,3); plot(myHistCum); title(’Cumulative histogram ’);
32 myHist2 = zeros(1,256);

myHistCum2 = zeros(1,256);

32 % Compute the histogram

35 fori=1m

36 for j = lin

a7 myHist2( Img2(i,j)+1 ) = myHist2( Img2(i,j)+1 ) + 1;

ss end

39 end

% Normalize histogram

myHistNorm2 = myHist2/(mx*n);

% Cumulative histogram

43 tmp = 0;

14 for i = 1:256

45 tmp = tmp + myHistNorm2(i);

myHistCum2(i) = tmp;

47 end

subplot(2,3,4); imshow(Img?2,[0,255]); title('Image with EH’)
subplot(2,3,5); bar(myHist2); title('my EH’); ylim([0 max(myHist2)*1.2]);
subplot(2,3,6); plot(myHistCum?2); title("My Cumulative EH ’);
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