CSC420 Spring 2017
Introduction to Image Understanding

Presented by: Hang Chu

Slides adapted from: Hanbyu Joo, Wen-Sheng Chu



1. Introduction
. Overview
Variables
Matrix
Misc.

2. Image Processing with Matlab
3. References

BN e



o Matrix Laboratory
— Dynamically typed language

« Variables require no declaration MATLAB
« Creation by initialization (x=10;)
— All variables are treated as matrices
o Scalar: 1x1 matrix; Vector: Nx1 or 1xN matrix
o Calculations are much faster

 Advantages
— Fast implementation and debugging
— Natural matrix operation
— Powerful image processing toolbox



Command Window
o type commands

Current Directory
o View folders and m-files

Workspace \
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Command History
P find(Depol==0]) ;I
----- plotil./Depol)

----- plotiabs(1l./Depol))

----- plotilogiabs({l./Depaldi)]

----- plot(20%logl0iakhs (1./Depal) )]

. /—' ----- figure,plot (20%logl0iabs(1./Depal))
Command HIStory ----- figure(l),hold on ,plot(20%logld(=sk
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Defining variables

=x a=]

int a; >>a=1; a =
a=1; >>p=2+4; 1
double b; =» h=2+4
b=2+4, =
C/C++ Matlab "

Variables are created when they are used

All variables are created as matrices with “some” type
(unless specified)



== whos a
Mame Size

a 1x1

b = false;

F a <1 doubles

1 2
1 1
2
Bytes Class Attributes
8 double
+| b <1xl logical>
1
1[0




A =112, 3] T

== 4=[1 2 3] 1
i = 2
12 3
e~
B — [1,2,3;4,5,6] FH B <2:3 double>
1 2 3
> B=[1,2,3:4,5,6] X 1 : :
B = 3
1 [
] 2 3
il 5 B
> 0= [123:456:; 78 9]
O =
C=[123:4567 89] L2 s



D=[1; 2; 3]

E=[12 3]

=> D= [1 ;2 ;3]
0=

]

E

J
=» E=[1 2 3]
E =

1

=

[ =3x] double>

= g e



== 1:0.5:5
ans =
1. 0000 1.5000 2, 0000 2, 5000 3. 0000 3. 6000 4, 0000 A, 5000 &, 0000



C = 'Hello World!":

== C="Hello World!’
|::
Hello World!

abc

C <1x12 char>
1

Hello World!




A = zeros(3);

B = ones(5);

C = rand(100,2);

D = eye(20);

E = sprintf('%d\n',9);
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Matrix indices begin from 1 (not O!l!)
Matrix indices must be positive integers

b = == A1, 3) == A1) >> A(2)
1 2 3 ans = ans = ans =
4 5 B 3 1 4
78 9 |
Column-Major Order
== A(0)

Subscript indices must either be real positive integers or logicals.

== 001, 4)
Index exceeds matrix dimensions,




>> A(2,2:3) >> A(2,1:end) >> A(2,7)
ans = ans = ans =
5 6 4 5 6 4 5
>> A()
ans =

2 3
h =
& 5
>> A(2,1:2:3)
ans =
4 6

>> A(2,[1 3])
ans =

4 6
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Accessing Elements
A =rand(4);
A(2,3)
A(:,2)
A(end,:)
A([1,2],[1,3])
A(1:2,3:end)

http://www.mathworks.com/company/newsletters/articles/matrix-indexing-
in-matlab.html



http://www.mathworks.com/company/newsletters/articles/matrix-indexing-in-matlab.html�
http://www.mathworks.com/company/newsletters/articles/matrix-indexing-in-matlab.html�

+ addition
- subtraction
* multiplication

N power
‘' complex conjugate transpose



Given A and B:

Addition

s» L =hA+EH

X =

14
10 14 15

»a=lzaaseTae | [FEFES52 528 3673
A= b =
1 Z 3
4 o G
T a d
Subtraction  Product Transpose
Y% = A - B 5T = A% B 22T = &
T = 7 = T =
-2 -3 1 22 27 45
-1 3 -z 55 BE 102
4 Z 0 g 105 159

Slide credit: i.Yicel Ozbek



*element-wise multiplication
./ element-wise division
/element-wise power

Slide credit: i.Yicel Ozbek



A=[123:514;321]

A=

w gl
N DN
RN N

Xx=A(1,) y=A(3 )

1 2 3 34-1

c=x.ly

c=

0.33 0.5 -3

1 16 0.33

Slide credit: i.Yicel Ozbek



A/B Solve linear equation xA=B for x
A\B Solve linear equation Ax=B for x



X=[1 2], Y=[3 4]
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A = 'vision and geometry’

strfind(A, ‘geometry’)
strcmp(A,'computer vision')

B = strcat(A,' 12345

c = [A,' 12345']

D = sprintf('I am %02d years old.\n',9)
Int2str, str2znum, str2double

http://www.mathworks.com/help/matlab/ref/strings.html



http://www.mathworks.com/help/matlab/ref/strings.html�
http://www.mathworks.com/help/matlab/ref/strings.html�

e Cells =% DEET
o a={}a=cell(1) N
o b= {1,2,3} dog
o ¢={{1,2},2,{3}}
o D ={cat','dog','sheep’,'cow'}
o E= {'cat',4}

e Structures
o A= struct('name’,'1.jpg’,'height’,640,'width’,480);
o b.name ="1.jpg’

»= E117}
ans =

cat
»> E{2}
ans =

http://www.mathworks.com/help/matlab/matlab proqg/cell-vs-struct-arrays.html
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== Equal to

~= Not equal to

< Strictly smaller

> Strictly greater

<= Smaller than or equal to
>= Greater than equal to

& And operator

| Or operator




e if for, while ....

if (a<3)
Some Matlab Commands;
elseif (b~=5)

Some Matlab Commands;
end

while ((a>3) & (b==5))
Some Matlab Commands;
end

for 1=1:100
Some Matlab Commands;
end

for j=1:3:200
Some Matlab Commands;
end

for k=[0.1 0.3 -13 12 7 -9.3]
Some Matlab Commands;
end

http://www.mathworks.com/help/matlab/control-flow.html

Slide credit: i.Yicel Ozbek


http://www.mathworks.com/help/matlab/control-flow.html�
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Optimize your code for Matrix operations

Examples iy =0
fort=0:.001:1000
. i=i+1;
In other languages: V) = <inco:
end; toc;

Elapsed time is 0.509381 seconds.

In MATLAB: tic; t = 0:.001:1000;

y = sin(t); toc;
Elapsed time is 0.011212 seconds.

http://www.mathworks.com/help/matlab/matlab prog/vectorization.html



http://www.mathworks.com/help/matlab/matlab_prog/vectorization.html�
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Click to create
a new M-File

A text file containing script or function
e Extension “.m”



For example,

Implement your own function Add3()
B = Add3(A)
How?

Create a M-file with the function name
Use the function definition at the beginning

function outl=functionname(inl)
function outl=functionname(inl,in2,in3)
function [outl,out2]=functionname(inl,in2)




[RddBm™ x

1

function out=Add3(in)

but=in+3;

=> h

=magici3)

10



Breakpoints

E Editor - C:'Documents and Settings' deppeler’ My Documents' Fall2006%C5_310  PRODUCTION P - IEIlil
File Edit Text el Tools Debug Desktop  indow Help .| | E 4
DEF:.|3:‘."7“|§|Mf.|aﬁL@%@I@@“DebugScrimﬂ IEE‘LI

1 % Debuglcript.m

2 1

3 % Plot the function (Step) (Step in) (Step out) Continue [Exit debug mode)

4 @oppEx = 0:0.1:10;

5 - f£f = AT S 5 S Y I W

&

7= plotixx,£f): % current line indicator )

| soript ln 4 co 1 [OWR




Plotting functions

plot, plot3d, bar, area, hist, contour, mesh

X = -pi..1:pi;
y = sin(x);
plot(x,y)

1

08F

06 F

0.4F

02

OF

02 F

04k

OB F

08 F




help functionName
doc functionName
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« Image as matrices
— Gray image: m x n

— RGB image: m x n x

1(1, 1, 3)

Format:
— [0, 255] ui nt 8
— [0, 1] doubl e

.5490 0.2235 0.5490 Red
5480 0.3882 0.5176 0.5804
490 0.2588 0.2902 0.2588
0.2235 0.1608 0.2588
" 88 0.1608 0.2588

0.7412
0.5804
0.2235
0.2588
0.2588

0.7765
0.7765
0.4824
0.1608
0.2588




% Read | mage (support bnp, jpg, png, ppm etc)
| = inread('lena.jpqg');

% Save | nmage
imwite(l, 'lena_out.jpg);

EP-Figl..lrel
. . File Edit View Insert Tools Desktop Window Help %
% Di spl ay i mage NEES| K ARVDEL-|B|0A

| mshow( 1) ;

% Al ternatives to i1 nshow
| magesc(|!);
| nt ool (1);
| mage( 1) ;




% Type conversion

| 1
| 2

% Convert from RG to grayscal e

| 3

| nRdoubl e( 1) ;
| nR2ui nt 8( 1) ;

rgb2gray(l);

.
B Figure 1 ESREER =

File Edit View Inset Tools Desktop Window Help

NEde |k |RAUDEL- B0 »




% Resi ze i mage as 60% snal | er
lres = inresize(l, 0.6);

% Crop inage fromuser’s input

| mshow( ) ;
Rect = getrect;
lcrp = incrop(l, Rect);

% Rot ate i mage by 45 degrees
lrot = inrotate(l, 45);

% Affine transformation
A=[100;, .510; 00 1];
tform= maketforn('affine', A;
ltran = inmransforn(l, tform;

i a b\ _;
pwarped - ( C d) Psource +t

-
B Figure 1 E@g
Eile Edit View Inset Tools Desktop Window Help N

DEde b AROBDEL-|S|0H| DO




o Afilter (or called mask, kernel, neighborhood) is NxN matrix.

o2

Oixy)

 Filters help us perform different kinds of operations:
Edge

- > ‘
g )
i!

Blurring Sharpening

Denoise
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More tutorials
o Matlab course @ ETHZ (http://goo.gl/w2jmZzJ)

 Introductory Digital Processing @ IIT (http://goo.gl/U0osD2)

Open source CV algorithms with Matlab interface
e VLFeat (nttp://mww.vifeat.org/)
* Piotr Dollar’s toolbox (http://vision.ucsd.edu/~pdollar/toolbox/)
 Mexopencyv (http://www.cs.stonybrook.edu/~kyamagu/mexopencv/)



http://goo.gl/W2jmZJ�
http://goo.gl/U0osD2�
http://www.vlfeat.org/�
http://vision.ucsd.edu/~pdollar/toolbox/�
http://www.cs.stonybrook.edu/~kyamagu/mexopencv/�

— Matlab Documentation

e http://www.mathworks.com/help/matlab/

— Cheat Sheets

* http://web.mit.edu/18.06/www/Spring09/matlab-cheatsheet.pdf
» http://www.geoqg.ucsbh.edu/~pingel/210b/general/matlab refcard.pdf



http://www.mathworks.com/help/matlab/�
http://web.mit.edu/18.06/www/Spring09/matlab-cheatsheet.pdf�
http://www.geog.ucsb.edu/~pingel/210b/general/matlab_refcard.pdf�
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