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Fundamental Steps in digital image processing
Image acquisition

Image enhancement

Image restoration

Color image processing
Compression

Morphological processing
Segmentation

Recognition




‘L Introduction

= One picture is worth more than ten
thousand words.

=> Richness of image content



‘_L Why digital image processing?

= Motivation:

s Improvement of pictorial information for
human interpretation

= Processing of image data for storage,
transmission, and representation for
autonomous machine perception




i What is digital image?

= An image: 2-d function

« [=f(X,Y)

= I: intensity (or Gray level)

= (X,y): coordinate

= When (x,y) and I are finite and discrete
quantities -> digital image

= pixels({%& =), picture elements, image
elements, pels




Notice: pixel is not a square!



‘L Representing digital images
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FIGURE 2.18
Coordinate
convention used
in this book to
represent digital
images.



Representing digital images

‘L (cont.)

s Matrix form

©R00) fO1) ... fON1)
f1,0) f(0,1) ... f(1,N-1)
| f(M-1,0) f(M-1,1) ... f(M-LN-1)
MxN

bits to store the image = M x N x k
gray level = 2k




‘L Side story of Lena

1972 playboy: Miss Nov. 1997 Lena



http://www-2.cs.cmu.edu/~chuck/lennapg/lenna.shtml

Origins of digital image
processing

= Newspaper industry
in 1920s

= Telegraph printer, 5
gray levels
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Origins of digital image
i processing (cont.)
= 15-tone in 1929

FIGURE 1.3
IInretouched
cable picture of
Generals Pershing
and Foch.
transmitted in
1929 from
London to New
York by 15-tone
equipment.
(McFarlane.)




The rising of digital image
i processing

= Digital image processing

= Digital image + digital computer processing
= Modern digital computers

= 1940, John von Neumann




The rising of digital image

processing (cont.)

. Os, for space

program

= Jet Propulsion

Lab(Pasadena, CA)

B
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fingerprint image



Image from video



\NM PH41965

License Plate reader



Face morphing
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i Sources of digital images

= Electromagnetic(EM) energy = # &
= Acoustic imaging 4z 3 &
= Synthetic (computer-generated) imaging



‘L EM images

Energy of one photon (electron volts)
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= |
Gamma rays Soft X-rays Visible spectrum Microwaves
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Orange Red Infrared
FIGURE 2.10 The electromagnetic spectrum. The visible spectrum is shown zoomed to facilitate explanation,

but note that the visible spectrum is a rather narrow portion of the EM spectrum.
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Introduction To Digital Image

i Processing With Matlab

Matlab is an abbreviation of Matrix Laboratory.

It is a popular Mathematical Programming Environment used
extensively in Education as well as in Industry.

The trick behind Matlab is that everything is represented in
the form of arrays or matrices.

Mathematical Operations starting from simple algebra to
complex calculus may be conveniently carried out using this
environment.

The main use of Matlab in Image Processing 2 is for
algorithm implementations.

Code developed in Matlab can be converted into C, C++ or
Visual C++.



i Matlab Basics

= Matrix Manipulation:

= Addressing of individual s Useful Commands:
element = Whos

= Complete Row Addressing = Help
= Complete Column Addressing = Clear
= Transpose = Path
= Fliplr and Flipud « Cd
= Saving and Loading Data = Dir
= Concept of Function and m-Files = lookfor
= Concept of Path



Image Processing in Matlab
¢age Representation

- An image | iIs a matrix of pixel values
* Pixel value at p = [x,y]" is I(p)
or 1(xy)

* Origin 1s top left corner

— 1 Is a matrix
— p Is a vector
- X, Y, I(p), I(X,y) are scalars

Note in Matlab T (r, c) refers to the rth row and the cth column
of 1.
m The image processing may be done simply by matrix calculation or
matrix manipulation.
m Image may be displayed with imshow command.



Image Processing in Matlab
*mage I/0

= YOUu can open an image as a matrix using imread command.

- The matrix may simply be m x n form or it may be 3
dimensional array or it may be an indexed matrix, depending
upon image type.

= Changed image may then be saved with imwrite command.



Some Matlab Resources:

Getting started with MATLAB

http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn
matlab.shtml

MATLAB tutorial
http://www.math.mtu.edu/~msgocken/intro/intro.htmi
http://amath.colorado.edu/scico/tutorials/matlab/

MATLAB helpdesk
http://www.mathworks.com/access/helpdesk/help/helpdesk.shtml

MATLAB Primer
ftp://ftp.eng.auburn.edu/pub/sjreeves/matlab primer 40.pdf



http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn_matlab.shtml
http://www.mathworks.com/access/helpdesk/help/techdoc/learn_matlab/learn_matlab.shtml
http://www.math.mtu.edu/~msgocken/intro/intro.html
http://amath.colorado.edu/scico/tutorials/matlab/
http://www.mathworks.com/access/helpdesk/help/helpdesk.shtml
ftp://ftp.eng.auburn.edu/pub/sjreeves/matlab_primer_40.pdf

Example of condition 1 may include:

(1)Image sharpening.
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(3)Image deblurring.

B 1.3 ZRFZEMERS @ RieFg b ZREMRERGE




Example of condition 2 may include:
(1)Obtain the edges of an image.
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i (2)Removing detail from an image.
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i Types of digital images

= 1.Binary:Each pixel is just black or white.

Images for which a binary representation
may be suitable include text , fingerprints ,or

o o o o o
o o o o o =
o o o = = O
o Bk Bk o o O
o B o O o O
Lk oo O o o o

B1.16 Zo# sz




= 2.Grayscale:Each pixel is a shade of gray,
normally from O(black) to255(white).

230 229 232 234 235 232 148
237 236 236 234 233 234 152
255 255 255 251 230 236 161

99 90 67 37 94 247 130
222 152 255 129 129 246 132
154 199 255 150 189 241 147
216 132 162 163 170 239 122

B1.17 RERIZR




= @B he color or red-green-blue:Here each pixel has a
rticular color, that color being described by the
amount of red, green, and blue in it.Each of this
compoments has a range 0-255.

49 55 56 57 52 53 64 76 82 7% 78 78 66 80 77 80 87 77
58 60 60 58 55 57 93 93 91 91 85 86 81 93 96 99 86 85
58 58 54 53 55 56 88 82 88 90 88 89 83 83 91 94 92 88
83 78 72 69 68 69 125 119 113 108111 110| |135128 126 112 107 106
88 91 91 84 83 82 137 136 132 128126 120| |141 129 129 117 115 101
69 76 83 78 76 75 105 108 114 114118 113 95 99 109 108 112 109
6l 69 73 78 76 76 96 103 112 108111 107 84 93107 101 105 102
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. venienceof storage and file handling,
the Image has an associated colormap, which is simply a
list of all the colord used in that image. Each pixel has a
value that does not give its color,but an index to the color
In the map.
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11 20 10
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Indices

0.1211
0.1807
0.2197
0.1611
0.2432
_»0.2119

0.1211
0.2549
0.3447
0.1768
0.2471
0.1963

0.1416
0.1729
0.1807
0.1924
0.1924
0.2002

Colormap




!'_ Chapter2 Images and matlab




i IR B MATLAB

§§E§‘ 2.1 Ds®R
2.2 RGB&EAR
2.3 RSIEBER
2.4 ERAIREEER

2.5 REEB=EEI




Grayscale images

= Matlab example: Y

File Edit View Insrt Tools Window Help

DEeEdE& NA A/ 2LD

tire.tif

= w=1mread(‘tires.tif’);

= figure, imshow(w), pixval
on

= figure: create a window
to place graphic object.

= Imshow: display matrix.

= pixval on: turns on the
pixel values in our figure.

O C *r =p
columns row gray
value




ml o

File Edit View Insert Tools Window Help

IDSESINAA/| B2

\ AN
B2.1 (T pixval on IBHHREXIS

3

P

w=imread(‘wombats.tif’);
figure, imshow(w), pixval on

OR
imshow('wombats.tif")
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a=imread('autumn.tif');
>> figure, imshow(a),pixval on

>> size(a)

dns =

206 345 3

41, 96 = 82, 77, 49

>> a(100,200,:)
ans(:,:;,1) = ans(:,:,2) = ans(:,:,3) =

>> impixel(a,200,100)

75 25 30 ans =

/5 25 30



‘L RGB (true color) Images

= Matlab example:
= w=1mread(‘lily.tif’); ) Figare No. 1

= figure, imshow(w), pixval |B Bt Tev et looks Hndow Help
Ded& NA A2/ 225

on lily. tif
= Size(w) O =
=186 230 3 N W Ve

rows columns pages
= wW(100,200,2)=179

= wW(100,200,1:3)=w(100,20
0,)

200, 100 = 206,179,194

PN PN PN OO A NS\



2.3 Indexed Color Images

<<figure, imshow('emu.tif"), pixval on

emu.tif

Three fractions are between 0 and 1
Why?



2.3 Indexed Color Images

s MATLAB 5% R BRIV GRS TR R G (5245 (Indexed

\

» ORISR RAVEEEA |
image(X)
colormap(map)
HpX R GV ERIERE - map Rye g iEfE -
o EBIRIEPHAV A/ INEKXS - B Efs Y =BT ZPraHRL -
HIER(EL) ~ G(%%) ~ B(ES) @ BE Tx=AVEIE f0~1
» XHMER/LI~K > i@ X3, DIVE AP > AlERZEE(, J)
ERE Rymap(p, :)iE —YIFVEFTAE -




2.3 Indexed Color Images

>> em=imread('emu.tif');
>|> figure, imshow(em), pixval on

em is being interpreted as a sigle grayscale image



2.3 Indexed Color Images

In fact, the image emu.tif is an example of an indexed image

W
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\

SN

Color map index

>> [em,emap]=imread('emu.tif");
>> figure,imshow(em,emap),pixval on

OR

<<figure, imshow(‘emu.tif'), pixval on

>> em(1:5)

Indices

I

15 26 16 11 19

Color ma
/ p

0.1807 0.2197 0.1611 0.2432

ans =

>> emap(1:5)
ans =

0.1211



i Indexed color image

I

6/10 15 12

5112010
4 6 10 7

Indices

0.1211
0.1807
0.2197
0.1611
0.2432
»0.2119

0.1211
0.2549
0.3447
0.1768
0.2471
0.1963

0.1416
0.1729
0.1807
0.1924
0.1924
0.2002

colormap




File Edit View Insert Tools Window Help

DEed& "A 2/ 2O

= Matlab example:
= w=imread(‘emu.tif’);

= figure, imshow(w), pixval
on

= Matlab example:
= [w,wmap]=1mread(‘emu.tif’
);
= figure, imshow(w, wmap),
pixval on




Indexed Images: using colour Maps

i Digital Image Representation

= An efficient way of storing colour image information is as an
/ndexed image.

— Indexed images have an associated colour map.

— This is a 3 column matrix, each row contains RGB colour
information for a particular colour used in the image.

— The colour of each pixel is stored as an /ndex referring to
a row of the colour map.

= Matlab function:
colormap



Structure of an indexed image pointer (indices)

14 17 21 21 83 8§

165 1813 3Y 148

: AL 2. 0841
0.4510 0. A627 0
0.2588 0. 1408 0.0627

colormap

Color values store in the colormap



i Grayscale and binary image

(4

Filename: [1x49 char]
FileSize: 65240
Format: 'tif’
Format\Version: []
Width: 256
Height: 256
BitDepth: 8
ColorType: 'grayscale'

: . i 1 ¢ : .
.0y, imfinfoCtextuf’),

Filename: [1x44 char]
FileSize: 3474
Format: 'tif'

FormatVersion: []
Width: 256
Height: 256
BitDepth: 1
ColorType: 'grayscale'




M= 2.1 MATLAB fERI4EEY

=g Spicl (iEpIIe & E

int8 8 T BB -128~127

2int8 8 {37 T HEaE B 0~255

int16 16 {3 T BB -32768~32767
aintle 16 {37 e JHE A 2 Bl 0~65535
double B RS R AR B 78 Ak e 8 AH BA




B 2.2 MATLAB & giin

BN A& I

ind2gray 3R | K e y =ind2gray (x,map)
gray2ind RG] [y,map] = gray2ind (x)
rgbagray RGB ## K & y = rgb2gray (x)
grayargb IXFEEERGB y = gray2rgb (x)
regbaind RGB #2325 [v,map] = rgb2ind

ind2rgh Zo|EERGB y =ind2rgb (x,map)




‘L Get information about image

PN

- F| enéme ‘emu.tif’

FileSize: 119804
Format: 'tif’
FormatVersion: []
Width: 331
Height: 384
BitDepth: 8
ColorType: 'Indexed’

mfinf
IR

N

m o







Switching Image Representation

Operation: Matlab
command:
Convert between intensity/indexed/RGB format to binary dither()
format
Convert between intensity format to indexed format. gray2ind()
Convert between indexed format to intensity format. ind2gray()
Convert between indexed format to RGB format. ind2rgb()
Convert a regular matrix to intensity format by scaling. mat2gray()
Convert between RGB format to intensity format. rgb2gray()

Convert between RGB format to indexed format.

rgb2ind()




indexed format

Question

RGB format gray format binary format




Example

[i,map] = imread('emu.tif");
imshow(i);

il = ind2rgb(i,map);
figure; imshow(il)

i2= ind2gray(i,map);
figure; imshow(i2)

I3 = im2bw(i,map,0.5);
figure; imshow(i3)



& A 21Tk

[i,map] = imread('engineer.tif');
% img = imread(imgPath, 'jpg'); %zEHY

levet=-graythresh(i); Y% HUFIEREE
bwimg = im2bw(i,level); % —fir 7t/
figure; imshow(bwimg);

i




