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edition, Gatesmark Publishing, 2009

A. K. Jain, Fundamentals of Digital
Image Processing, Prentice Hall, 1989

G. X. Pratt, Digital Image Processing,
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= Matlab DIP Tool Box
= OpenCV (http://opencv.org/)
It has C++, C, Python and Java interfaces

Supports Windows, Linux, Mac 0OS, 10S and
Android

= OpenCV _NET Wrapper:
Emgu CV (http://www.emgu.com)
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= Afo rge. NET(http://code.google-com/p/aforge/)

C# framework designed for developers and
researchers in the fields of Computer
Vision and Artificial Intelligence -
Image processing, neural networks,
genetic algorithms, machine learning,
robotics, etc.
= AForge.Imaging - library with image
processing routines and filters;
AForge.Vision - computer vision library;
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Photo Simulated Simulated
color pencils oil painting
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source: INRIA, Sophia-Antipolis,
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Mosaic from 33
source images

e
Mosaic from 21 source images

source: M. Borgmann, L. Meunier, EE368 class project. spring 2000.
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= Face Detection

— -
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19 S)E & ;

Kaveh Ahmadi An Introduction to Digital Image Processing 19

(op0 Cugr jlpal) Jlowd pauas ojldy 5l ol Jle

= Face Authentication

Steve Jobs
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Scene
recognition

Object
recognition

Object detection
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Scene
recognition

Object
recognition

Object detection

Segmentation
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Output are images

Wavelets and
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Image
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acquisition

Input
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= 640 X 480 8-bit 1mage

0 640
X
0 s ¢ 0 0 8 0 8 >pixel
[ ]
[ ]
: . > f(x,y):intensity value at (x,y)
* 0 (black) ..... 255 (white)
480
Y Different coordinate conventions
Y y
X X
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(True Color)RGB ,;4lzs
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(true color) RGB 5l

feah 00124 Blue 04T
04 02002 00,0827 0.2002 02002 0,
1. 6804 0. 062T 0. 0627 00627 0. 2235 .25
(E':-ITG 0.1022 00627 Lreen po1ozz 0 2588 0. 268
0.5176 0.1284  0.1608 0O.1284 0.12094 026588 0,25
05176 0. 1608 00627 0. 1608 0. 1022 0 2588 0. 25
JEAoD 0.z2as 0,500 Red 0.7412 0.7765 0.7765 A0
J3BEZ DUBITE 05804 0.580d  D.TTGE 0.7TES
JEBES D.2002 00258 0.2235 D.4824 02235
0.1808 02588 0.2588 0.1608 0,258

0.2588 02588 [l

i DU1E0E 02558
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Matlab > yolay yilss

= Imread

il 325 Slyge I S @ @b ol jlodlatel (IS Cunpd pgai gg 4 diter ®
152k 9 ROB (g 1u81s p5las (4l
I = imread(“filename?)
g wlys cam ¥ al] S RGB Jskas sl 5 oo 99 ] 5 1oyl s sl gt ol
0l pglas (gl
[1, map] = imread(“filename”)
ol 5,488 ilo MAP g ool Guoyile T #
4 e el Caz 58 Sl g e 55 it sledleg®)l s L], IMPread o ass =
A5 gy e sledal,
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Matlab ,> yglai il

= Imshow
imshow(1);
o.&;.ﬁw)&‘ RS uwl.o.’ .
imshow(l, map)
SeES BB piale ®
imshow(“filename”);
(Jle @
imshow(“fabric.png’)
b

I = imread(“fabric.png’);
imshow(m)
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Matlab ;> polai il

| BEE [P T |
Ble Edt ‘iew |ndere Tools [esttop Yeindow Help a

DeES a0 8 ¢ 08 =0
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Matlab ;> ysglay 0,52

= imwrite
imwrite(l, “filename”);

imwrite(l, map , “filename?);
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Matlab ;> gl Glasuie sdaliv

= imfFinfo
0450 ¢ Aok CBD g (ol Cdd ¢ guad Dl ale  S8LS LB 51 SleMb] ™
J..Q.)L;o 45‘)‘ ‘) ...9 djLMOJ)AMé

info=imfinfo(“filename”)
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Matlab > polai g9 Jsos

DI i 1) ol S 9 Gl 2 @y il edlanal b ®
I = rgb2gray(l);
bw = 1m2bw(l, level);
bw = im2bw(l, map, level)
AL 160 G b 4aS 2ib e alinl xha Tevel
I = ind2gray(l, map);
[1, map] = gray2ind(l);
[1, map] = rgb2ind(l);
I = ind2rgbh(l, map);
LS dxnlye e slodaly 4 gl SleMbl cuS (gl ®
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g5 ssbad o) » e g 3l (ol 5 2y sl Slas )0 Sl
3,15 3955 UTNTES
25 b double 4 ) leedbs g5 wl ook Slles ploxl 5l iy
=1 = double(l);
S UTNTES &) e 45 Gl Sb Sy 3 ok Slbes plbl 51

=1 = Im2uint8(l);

Kaveh Ahmadi An Introduction to Digital Image Processing 51

Matlab 3 )JBLQJ S9) » (Wi uLJ.o&

= Imresize

g Sl yui
il odlatwl BB 45 a0 90 51 (S 4 &b oyl
Y = imresize(l, a);
S o il 90 1y g T2 ol g slal )3 i s @
Y = imresize(l, [m , n]);

LU &S Conl s LS o asuie ) (ygiw 5 b law dlas) s i sl N gM =
il Cute gusts dlasl
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Matlab 3 )49‘.»4» S9) ) (oD uLJ.o&

= imrotate

Dp gl i >

Ir = imrotate(l, d, [“Option’], [“crop’])
Al e ) e gl SIS e pgd GlosS)]
Lbilinear, nearest sl S wly o039 ksl pow looS)]
&S o pastidie |y s e a4y JISG o368 lesS,l ol sl DECubic
gl NCANEST 153 iy e g 03,5 (logS)l ol 4S5 )90 > ®
03 )y 4S5y 3L 4l |, “CrOP”~ jlude wlgs o ks g b oo (65l 15 mylea losS)
Dedige Blo g 03> Wy pgal I (pide g A5 el S 152 1 e g Slel @4
53
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Matlab 3 )JBLQJ S9) » (Wi uLJ.o&

= Imrotate

I = imread(“cameraman.tif’);
Ir = imrotate(l, 35);

Irc = imrotate(l, 35,%crop’);
imshow(l);

figure, imshow(lr);

figure, imshow(lrc);
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Matlab 3 )J9La4 S9) ) (oD uL.l.o&

= Imrotate
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Matlab Je )JsL.a.: S9) ¥ Ls.w.).ﬁdb uL.l.o&

= Imcrop

2y oy
= ol ool BB 55 sledSd 5l (S 4 U
12 = imcrop(l, rect)
12 = imcrop(l, map, rect)
12 = imcrop(l, rect)
&S o jl IS5 Jdatus 4l Slaise 4 cul (gilaw Hbpy G FECT Ly, ol o oS
S o aTuliel) ud (0 eeleS oo

LS oLl wgle b1y (et 45l S
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Matlab 3 ).’91.@.: S9) 2 (Wi uu.o.c
= Imcrop

I = imread(“pout.tif’);

imshow(l);

12 = imcrop(l, [size(1)/4, size(1)/2])
figure, iImshow(l12);
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29 pl)S gl
= Imhist
S S B pgai bE Slgls 53900 oy
I = imread(“flowers.tif”);
I = rgb2gray(l);

imshow(l); figure, imhist(l);
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= 1 = filter2(h, m)

sl gl 505 g ilo M g 2ld Ly lo N1 ]y o

ol 020 b VY s yilo 5 Ygono Lol el olgs 3 sl b s yilo p wlgs 0 N
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e
Ad b g dad oo il

b 55 ookl (gl 1y pgai (i 13 Jgeme slayild oy FSpecial &b odlezl by
2,8 sbwl Filter2

il y3j Sygeas @b opl 5l eolatwl o,
= h = fspecial (“ s L° , sl
D95 03y )5 55 GlegS )l 95 L b S b &b ol canl 5Sae Jol losS )l g9 s it
Dl i sl eyl 5l (S dilg oo il pL

gaussian: ,is .l
sobel - ,is Y\,
prewitt: sV
laplacian: WY s
1092 oY ol 5l G g (owsS yibd Jloe!
average: . ,Sle sls
unsharp: ,is b
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e
s sk g s gla s

[1, map] = imread("kids.tif");
SobelFilter = fspecial(“sobel?);
I = ind2gray(l, map);

12 = Filter2(SobelFilter, 1);
imshow(l);

figure;

imshow(12);

http://homepages.inf.ed.ac.uk/rbf/HIPRfiltops.htm/2
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-1 )*Lﬁ u"‘)L’ 9 «_s'b dt‘bfdté
g E

-1

scale=1 /I the divisor for the sum of the coefficients
Offset = 0 // how far away the neighboring pixels are from the center pixel

100 | 100 | 100
100 | 200 | 200 | center pixel =-100 +—200 + —200 + —100 + 1000
= 1000 - 600
100 | 200 | 200 = 400 = 255, i.e., maximum allowed brightness.
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Matlab ;> (cusljiS) pls iuliel i ead Do
= histeq
el g (35 Pl b cpls ol jél

2995 59y 2 |y 1S st bl (500 08 &y NISTEQ b

iy o0 d9ue (3L e w ) paal ol CutS Vgexe g dnd 0 plx]
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Matlab ;> (cusljiS) pls iuli8l i ead douo

I = imread(“tire.tif’);

J = histeq(l);

figure;
subplot(2,2,1);imshow(l);
subplot(2,2,2);imshow(J);
subplot(2,2,3);imhist(l);
subplot(2,2,4);imhist(J);
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Matlab ,> yigad il pudald 1y gl S9:4
= imadjust

D o 1y paal SO olidey Olyuss dloly lei o b cpl 5l oolaiwl L ®
w‘);) Ca)ya.g C’LU" bﬁ)gégﬁ =
J=imadjust(l , [low , high] , [bottom , top])

Cow )39*4: )‘ @‘Jb@Lw9) d9‘.> deld )ial.u as Cuwl S pais 9d d)lb)’. £9d UL";}T
33,5 Jlael 1L Wil (69, p oads mabass Sllee o

ol 598 bla gl olidgy wds Ol s dlald pgw logS )]
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Matlab )3 y gl Coad mulald 1y g0l 394

I imread(“pout.tif’);
J imadjust(l, [0.3 , 0.7], [O ,1]);
figure,

subplot(2,2,1); imshow(l);
subplot(2,2,2); imshow(J);
subplot(2,2,3); imhist(l);
subplot(2,2,4); imhist(J);

1500 1500
1000 1000
500 500‘
0 D‘
0 100 200 0 100 200
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%
J

%
K
%
L

subplot(2,2,1); 1mshow(
subplot(2,2,2); 1mshow(

2P B> Ipgal deke
Obe s g dilo b dunlie ®

= 1mread(“eight.tift’);

28 0295

= 1mnoise(l, “Salt & pepper’, 0.02);

oke il

= filter2(fspecial(“average”, 3), J) / 255;
$le il

= medfilt2(J, [3, 3]);

title(“Initial Image”)
title(“Noised Image’);

1 );
J):;

subplot(2,2,3); imshow( K ); title(“Mean Filter’);
L );

subplot(2,2,4); 1mshow(

title(“Median Filter?);
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VU il o polis (clay a5 0l YaY L le S Sole yup pilo 51 Mo =
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o8l = oyl Olles
= imdilate

il oo il s ol ool slay Soluwon . wlodl IS5 4y Sugs S sl
se = strel("diamond®, 1);

Sawsd oyl 5l oolatwl b il 8
bw2 = imdilate(bwl, se);
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e
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5wl S50 JuSy v b S ojlul 4 g g

S Sl 455,90 43 0k oty gl i bl oled Mae ®

M&‘Pom)ﬁ@ “.\mbo‘.m: lu.:bw‘ li:L.u.o.rb

bw2 = 1merode(bwl, se);
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bwl = imread(“circbw.tif?);

SE = eye(5);
bw2 = imerode(bwl, SE);
imshow(bwl) ;

figure, imshow(bw2);
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bwl = imread(“circbw.tif?);
SE = ones(40 , 30);

bw2 = imerode(bwl, se);

bw3 = imdilate(bw2, se);
imshow(bw2) ;

figure, 1mshow(bw3);
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0I5 By 4 yhuy 5l oldes — gyl lo Sldes

= Immorph

Jlasl 1) gl (5335 Bgpme ()l ko Sllos I ()lus Gl o0 R ol jloolizul L ®
D ged
il ) Cyguar U cpl 5l edlatwl JS S ™
bw2 = bwmorph(bwl, operation, [n]);
sl o sload S (S pgd GlogSl ke
erode dilate open close fill hbreak skel remove

2 p95 oSl £ s b )% 4556y 3t 50 Seolo slad iy 5 0392 (53] pges olosS )]
Ll Oldos

5 Amlgd 035 )10 () (28 Gl e poe (oSl B> G900 )
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ol Loy y2i i 3l Gldes — (gl le cldes

2995 S9) p ) oSl Clles e ®
bwl = imread(“circbw.tif?);
bw2 bwmorph(bwl, “skel”, inf)
imshow(bwl) ;
figure, imshow(bw2);
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