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Why to use software libraries?
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* Low-level image processing functionality (openCV, image))

— Read and write image files, Show Image, Conversion between
color spaces, historgrams, image derivatives (extended Sobel
operator), Laplacian of the image, blurring ...

* Image analysis (openCV)

— Image segmentation, Object identification (based on visual
image of an object), Face Recognition, Gesture Recognition,
Motion recognition, Stereo vision, Edge/line detection ...

* Statistical machine learning library (openCV, Weka)

— Naive Bayes classifier, k-nearest neighbor algorithm, Support
Vector Machine, Decision Trees, Boosting, Random forest,
Expectation Maximization, Neural Networks
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Image Analysis

Image J

* |mage Processing Program
(Library) in Java

* Developed at National
Institute of Health

* “User-written plugins make it
possible to solve many image
processing and analysis problems, from 3-dimensional live-
cell imaging, to radiological image processing, multiple
imaging system data comparisons to automated
hematology systems.”
(http://en.wikipedia.org/wiki/Image))

* Source code for Imagel is freely available
* TIFF, PNG, GIF, JPEG, BMP, DICOM, FITS
* http://rsb.info.nih.gov/ij/ (APl here!)
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- Create a Java project ;
F Ir St Ste p S Creste a Java project in the workspace or in an external locatian,

Project name:

[~ Contents

° DOW n |Oa d a n d & Create new project in workspace

 Create project from existing source

i n Sta | I i m a geJ Directory: [ CiiUsers|risztian. Buzaleclipse-workspace-imagei BtovisE. .

~IRE

) E CI i p S e & Use default JRE (Currently ‘re1.6.0_04" Gl

€ Use a project specific JRE: jrel.6.0_04 =
° . | £ Use an execution environment JRE: | 1ava5F-1.6 -
File/New/Java

~Project layout

.
P rOJ e Ct " Use project Folder as root For sources and dlass files

&' Create separate folders for sources and class files Configure default. ..

i Give a na me [~ Warking sets

™ Add project ko working sets

° C“Ck NEXT Working sets: I P |

K. Buza, Lars Schmidt-Thieme, Information Systems and
Course on Image Analysis, winter term 2008/09

@ < Btk e | =

11.11.2008



Image Analysis

First steps

e Libraries
e Add External JARs

* C:\Program Files\
Imagel\ij.jar

& New Java Project

Java Settings
Define the Java build settings.

_loix

i

(% sowrce | 12 Projects [ B Lbraries
JARs and class Folders on the build path:

% Order and Expart |

B IRE System Library [jre1.6.0_04]

Add J4Rs. .
Add External JARs...
Add Yarisble. .,
Add Library...
Add Class Folder...

Edt...
Remove

Migrate AR Filz. .

K. Buza, Lars Schmidt-Thieme, Information Systems and
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et s |[ Esh | cancel

File Edt Source Refactor Navigate Search Project Run Window Help

[£ Package Explor 23 T2 Hwerarchﬂ =0

= 0|/ B= outine £2

B8~

B & Testimage]

= Y =2 Project

2 =
= openin New Windaw I
Open Type Hierarchy Fa 5 Package
Show In Alt+Shift+iwt » F
o Chrlbe ¥ Interface
Copy Qualified fams= G Enum
aste Chrl @ Annokstion
3 Delete Delets 4 Source Folder
i Folder
Buid Path ; 3 V?Fi\e
Source: Ale+Shift+3 ¥ =i Untitled Text File
Refactor Ale+shift+T  » -

E¥ Unit Test Case:

agImport. .

eAExport. ..

[ Other...

S Refresh F5
fssign Working Sets...

Run As 3
Debug as 3
Profile As 3
Validate

Team 3

An outline is nok available.

it »
Compare With o

@ ]avadnq & Dadaratmﬂ

i@i

Restors from Local History. ..

warnings, 0 infos

Properties Alt+Enter B

[ Resource | Path

[ Location |
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F M t St & New Java Class _ o) x|
I rs e pS Java Class =
1, The use of the default package is discouraged., @

. . “ Source folder: | TestimageJfsre Brawse...
* Right-click on ,src” . | I e
I™ Enclosing type: | BromsE.,,
* New/Class
Mame: | HellotworldImaged
. . Modifiers: & public i defadt € private. ) protected
» Select public static [
Superclass: | java.lang.Object Browse...
. . [Fe |
void main(...) e |
. . Remove

[V public static void main(Stringl] args)
™ Constructors from superclass
[¥ Inherited abstract methads
D you want ko add comments as configured in the properties of the current project?
[ Generate comments

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Hello World

import ij.io.*;

import ij.*;

public class HelloWorldImageJ {
public static void main(String[] args) {

Opener opener = new Opener();

ImagePlus img = opener.openlmage (
"C:\\Users\\Krisztian.Buza\\ImageProcessing\\"+
"VOC2008-data\\data\\VOCtrainval_ 14-Jul-2008\\"+
"VOCdevkit\\VOC2008\\JPEGImages\\2008_000711. jpg");

img.show () ;

}

K. éuza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Hello World

import ij.io.*;
import ij.*;
import ij.process.*;

public class HelloWorldImaged { X
public static void main(String[] args) {
Opener opener = new Opener();

ImagePlus img = opener.openlmage("...");

img.show () ; Yy
ImageProcessor img_p = img.getProcessor();

int[] histogram = new int[256];

for (int x=0;x<img_p.getWidth () ;x++) {
for (int y=0;y<img_p.getHeight ();y++) {
int[] one_pixel = img_p.getPixel (x, y, null);

int r one_pixel[0];
int g one_pixel[l];
int b one_pixel[2];

int intensity = (r+g+b)/3;
histogram[intensity]++;

} }

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Hello World

import ij.io.*;
import ij.*;

import ij.process.¥*;
import ij.gui.*;
import java.awt.*;

public class HelloWorldImaged {
public static void main(String[] args) {
(...)
ImagePlus histogram_image = NewImage.createRGBImage (
"Historgam of the Image", histogram.length, 200, 1, NewlImage.FILL_WHITE);
ImageProcessor histogram_image_p = histogram_image.getProcessor();

int hist_max = 0;
for (int i=0;i<histogram.length;i++)
if (histogram[i]>hist_max) hist_max = histogram[i];

for (int i=0;i<histogram.length;i++) {
histogram_image_p.setColor (new Color(128,128,128));
int column_length = (200*histogram[i]/hist_max);
histogram_image_p.drawRect (i,200-column_length,1l,column_length);
}
histogram_image.show () ;

b
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int hist_max = 0;
for (int i=0;i<histogram.length;i++)
if (histogram[i]>hist_max) hist_max =

for (int i=0;i<histogram.length;i++) {
histogram_image_p.setColor (new Color (]
int column_length = (200*histogram([i]/
histogram_image_p.drawRect (i,200-colur

}
histogram_image.show () ;

b
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public static void main(String[] args) {
(...)
ImagePlus noise_reduced_image = NewImage.createRGBImage ("Noise Reduced Image ",
img_p.getWidth(),img_p.getHeight (), 1, NewImage.FILL_WHITE);
ImageProcessor blurred_image_p = noise_reduced_image.getProcessor();
int[][] kernel ( {1,2,1}, {2,3,2}, {1,2,1} };
4+ 7 + 4;
for (int x=0;x<img_p.getWidth();x++) {
for (int y=0;y<img_p.getHeight ();y++) { (X+1: Y)
int[1[1[] pixels = new int[3]1[31[]; pixels[2][1][0] — red intensity
pixels[2][1][1] — green intensity

current pixel (x, y)

int kernel_sum

for (int i=0;1i<3;i++)
for (int 3=0; 3<3; j++)
pixels[i][j] = img_p.getPixel (x-1+i, y-1+3j, null);
int[] new_pixel = new int([3];
for (int i=0;1i<3;i++)
for (int j=0; j<3; j++)
for (int k=0;k<3;k++)
new_pixel[k] += kernel[i][j]*pixels[i][]][k];
for (int k=0;k<3;k++) new_pixel[k] /= kernel_sum;

blurred_image_p.putPixel (x,y,new_pixel);

}
noise_reduced_image.show () ;

Pod
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public class HelloWorldImageJ {
public static void main(String[]

Noise Reduced Image (2
9%23689 pixels, RG

args)
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What is Open CV ?

* Computer vision library
* Developed by Intel
* Free for commercial and
research use
— BSD-like licence, open source
* Cross-platform

— Windows, Linux, Mac OS,
embedded operating systems

* Focuses on real-time
image processing
e Cfunctions and C++ classes

http://pascallin.ecs.soton.ac.uk/challenges/VOC/
* Interfaces to several softwares  voc2008/examples/boat_07.jpg
(like Octave)

* More than 500 algorithms

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Getting Started

e C, C++ Compiler:
— Microsoft Visual C++ 2008 Express
— microsoft.com/express
* OpenCV 1.0(!)
— install executable
— (we had some strange bug with version 1.1)

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Hello World

2l x

Visual visual Studio installed templates . .
N * File > New - Project

General
My Templates

I — *  Win32 Console
Application

* Name

A project for creating 3 Win32 console spplication

Hlame: [ OpenCyHeloiworid
e [[Cisesirston.BuzalDocumerts\isual S Z00EIProfets ] _eome
Selution: Create new Solution w| ¥ Create directory for solution

Solution Name: [ opencyrelaworid

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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Hello World e
9] Win32 Application Wizard - OpenCVHelloWorld 2xl
Welcome to the Win32 Application Wizard e File> New—>P roject
* Win32 Console
verview These are the current project settings: A p p | | Cati on
Application Settings # Console applcation
Click Finish From any window to accept the current sattings. * Name
After you create the project, see the project's readme.txt File For infarmation
about the project Features and files that are generated ° N eXt ( n Ot F | n | S h | )
I
Han
Loce
Solu
Soly
coevoss [ nets | Finish Cancel
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Hello World

] Win32 Application Wizard - OpenCvHelloWorld

32 Application Wi

- DpenC¥HelloWorld

Application Settings

Overview Application type:

" Windows application

& Car
ol

[

" Static library

Application Settings

ole application

tiam

Additional options:
¥ Empty project
™ Export symbols

Loce
Solu

Solu
_ I¥ (precompiied header

< Previous |

21X
2
Add common header files for:
I 2t
mlli7=
Mext = | Finish | Cancel |
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File > New = Project

Win32 Console
Application

Name

Next

Empty Project
Finish

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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B2 openCvHelloworld - Yisual C++ 2008 Express Edition

File Edit Wiew Project Buld Debug Tools  ‘Window
A-EH-SEd | R
o Explorer - Solution ... = & X Sﬁrt Page

[ Solution 'OpenCyHelotarld' (1 proj
E 57 OpenC¥HelloWoarld

[ Header Files
[ Resource Files

Existing Item. ..

Copy

New Filker

Class...

Remove

Rename

Properties

Open:
Create:

(“’fausa(‘\

‘__},ﬁ\uﬁg
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e Source Files 2> Add 2>
New Item

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Hello World o

B2 openCvHelloworld - Yisual C++ 2008 Express Edition

File Edit View Project Buld Debug Tools  Window

* Source Files > Add =
New Item

Add New Item - OpenC¥HelloWerld 2lx|

Categories: Templates: ¢
Visual C+- visual Studio installed templates
I u * Name
Code = Form 8] C++ File {.cpp)
Froperty Sheets L] Header Fie (h [l Froperty sheet (.vspraps) ° A d d
F] Component Class

My Templates

|} Search Online Templates. .

Creates a file containing C++ saurce code

tiame: [ Heloworidsourcecads

Location: [t Buzs|D Studio Z00B\Fr

penCyt penCiHelloh Browse...

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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OpenCYHelloWorld Property Pages

21|
. Configuration: [ Active(Debug) =] elatform: [actve(winaz) ] corfiguration Manager
Image Analysis G s S

‘Common Properties i Include Diecories “C:\Program Files\OpenC¥cvaux\include™
. Cenfiguration Praperties Resalve #using References
Fle Edt Vew Froect Buld Debug Too Debugging Suppress Startup Banner s (fnologa)
< 3m 1 ~ i+ wiarning Level Level 3 (/w3)
Lm0 L (eenerel Detect &4-bit Portaity Issucs o
=20k Optimization Treat Warnings As Errors e
fellower Z?:;”;:::;m Use UNICODE Respanse Fles ves
Maobereeer Language
(51 Solution ‘DpenCiHeloMorld (1 proj precompied Hesders
& 7 =" utput Flles
Sitesd (4 uid Browse Information
3 Reso advanced
& B soun Rebuild Command Line
o S H Clean Linker
Vanfst Tool
Project Only D ML Dacument Generator
Custom Buld Rules. . Browse Information
Build Events
Tool Buld Order.., Custom Buid Step
R 0 Additional Include Directories
References... Species ane or mare directories to add to the inclde path; use semi-colon deliniced It F mare than ane,
(1pathl)

Set as StartUp Project Abbrechen  Ubernehmen
Debug »

_ * Project Properties

X | renove E ¢ C/C++tab

Show output from —

triad rjet * Additional Include Directories

* C:\Program Files\OpenCV\cvaux\include\

* C:\Program Files\OpenCV\cxcore\include\

e C:\Program Files\OpenCV\cv\include\

* C:\Program Files\OpenCV\otherlibs\highgui\

* C:\Program Files\OpenCV\otherlibs\cvcam\include\

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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Image Analysis Configuration: [ Active(Debugy | platform: [active(win3z) ] configuration Mansger..
g y ‘Common Properties Additional Dependencies
=] “ +d - vzt ‘Configuration Properties Ignore All Default Libraries Mo
File Edit view Project Buld Debug  Tool Debugging Module Definition File nal Dependencies 2l x|
. 9 1 Clc+ Add Modue to Assembly -
S-S SO S W e e =
1 % b a2 ops fﬂ;ﬂ;ﬁ‘ Force SymbolReferences | c.\orampam Fleopenc b emre b
ion Explorer - Opent Trellowor Delay Loaded DLLS “CiProgram Files}OpencViiblcveam.ib”
FEE —_ i Assembly Lk Resource | "CiProaram Fles\Opendlifishaut i
[ Solution ‘OpenCiHeloWarld' (1 pro System
[Elee]opcryictowa gougmﬁtf:m =
(d Head (%7 Buld beddex [
Advanced
[ Reso|
2 Sour e Command Line Inherited values:
e Clean Manifest Tool kemeliz b -
ML Document Generator user32.ib
Praject Only 4 Browse Information gdizz.lb
llib
Custom Build Rules. . Buid Events g
I Cuskom Buid Step advapiaz.ib
Tool Build Order...
shell32.ib
ole3z.ib < H
e D Additional Dependencies 1=
Specifi aciditional it to add
=R En pecties addtionaliens t0 266 15 Inherit from parent or project defaults [e—
Debug »
1l % H 1
% * Project Properties
cgsolti... [0 o E
T
R ink b
K| renove * Linker / Input ta
Show output from) Rename
triad rjet * Additional dependencies
"C: m Fil lib\cv.lib"
e "C:\Program Files\OpenCV\lib\cv.li

e "C:\Program Files\OpenCV\lib\cvaux.lib"
e "C:\Program Files\OpenCV\lib\cxcore.lib"
e "C:\Program Files\OpenCV\lib\cvcam.lib"
¢ "C:\Program Files\OpenCV\lib\highgui.lib"

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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B4 OpenCyHelloworld - Yisual C ++ 2008 Express Edition E E - (ol x|
Fle Edt Vew Project Buld Debug Took indow Hel

i -S| % @9 E-E | P Detug - Winaz - | .
0 b A

Image Analysis
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HelloworldSourceCode.cpp | Start Page > x [

5 o
=& B (Global Scope) xl [% mainiint arac, char ** argv) ;ﬂ 2
|2 Solution 'OpenCHellaiorld' (1 pro =5
= (53 opencyHelloworld afll
[ Header Files E#include <ov.h> |

- [ Resource Flles Lﬁincluds <highgui.h> E
- [ Source Files =
€9 HelloWorldSource Code, Elint maini int arge, char®s argy | { >

#/the neawe of the image being loaded =

char® imageName = "C:%\Usersh\Erisztian.Buza\' ImageProcessing\icollecti g?

//Load the image and nske sure that it loads correctly
IplImage* im = cvloadImage {(imageName, -1):
150 dm == 0 ) {
//Inage failed to load, you should drep =n error neassage ...
return 1;
¥

cvlamedlindow (" Trnage", 03]
evshowlnage ("Inage", im )7

<I I L I Kew i
carlin iR () - i
csoluti. . [ s v [T Prope... || 4] |

7 x
Show output from:  Buld - DA
1*HelloWorldSourceCode. opp -
1rlinking. ..
1>Bupeading manicest. . _
1:Build log was saved ar "fils://o:\Uzers\Eeiszeisn BuzaiD 2\Uisual Sewdic 2008YProdests\OpsnCVHellotorld)0psnCVE:
1-0penCVHelloWorld - O erzoris). O warnina(s! 2
< | >
3 Code Definition jow [25Call Browser | =] Cutput
Build succeedzd Ln15 col 3t hzs ms

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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int main( int argc, char** argv ) {
char* imageName = "C:\\Users\\Krisztian.Buza\\Pictures\\beton.jpg";
Iplimage* im = cvLoadlmage(imageName, -1);
if(im==0){
//Image failed to load, you should drop an error meassage ...
return 1;

fung ¢
Uyt

o

}

cvNamedWindow("Image", 0);
cvShowlmage("Image", im );
cvWaitKey(0);
cvReleaselmage(&im);
cvDestroyWindow("Image");
return 0;

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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* Debug / Start Without Debugging

ol

* Use cvNamedWindow( ..., 1) to display the image
in the original size

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Some more examples

* Write a ,,Hello World“ on the screen
* Transformation between color spaces
[ ]

Histogram
* Resize image

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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Image Analysis Spri
void print_helloWorld() { T oo

int height = 320; int width = 240; //declare for the height and width of the image
CvPoint pt = cvPoint( height/4, width/2 );  //specify the point to place the text
Iplimage* hw = cvCreatelmage(cvSize(height, width), 8, 3); //8 bit, 3 channel

CvFont font;
cvInitFont( &font, CV_FONT_HERSHEY_COMPLEX, 1.0, 1.0, 0, 1, CV_AA);
cvPutText(hw, "Hello World", pt, &font, CV_RGB(150, 0, 0) ); // text =>image

cvNamedWindow("Hello World", 0); //create the window
cvShowlmage("Hello World", hw);

//display the image in the window [T
cvWaitKey(0);

cvReleaselmage( &hw );
cvDestroyWindow("Hello World");
//UNLIKE JAVA MEMORY IS NOT
//REUSED AUTOMATICALLY IN C++ !

}

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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void color2black_and_white() { ’
char* imageName = "C:\\Users\\Krisztian.Buza\\collection1\\forest4.jpg";
Iplimage* im = cvLoadlmage(imageName, -1);
if(im==0){return;}
cvNamedWindow("Original", 0); cvShowlmage("Original", im );

Iplimage* graylmage = cvCreatelmage(cvSize(im->width,im->height),

IPL_DEPTH_8U, 1); // 1-channel image of the same size as the original
cvCvtColor(im, graylmage, CV_BGR2GRAY);

//convert the original image to gray (use BGR here, not RGB!)

// conversion to HSV is also possible with cvCvtColor
cvNamedWindow("BW", 0);
cvShowlmage("BW", graylmage );
cvWaitKey(0);
cvReleaselmage( &graylmage );
cvReleaselmage( &im );

}

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
Course on Image Analysis, winter term 2008/09
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void black_and_white_histogram() { T oo s

char* imageName = "C:\\Users\\Krisztian.Buza\\collection1\\forest4.jpg";

Iplimage* im = cvLoadlmage(imageName, -1);

if(im==0){return;}

Iplimage* graylmage = cvCreatelmage(cvSize(im->width,im->height), IPL_DEPTH_8U, 1);
cvCvtColor(im, graylmage, CV_BGR2GRAY);

CvRect rect = cvRect(0, 0, 500, 600 ); //create a rectangular area to evaluate
cvSetimageROI(graylmage, rect); // establish a region of interest with the rect. Area
Iplimage* histimage = cvCreatelmage(cvSize(320,200), 8, 1); // image for histogram

int hist_size = 100;
CvHistogram* hist = cvCreateHist(1, &hist_size, CV_HIST_ARRAY);
cvCalcHist( &graylmage, hist, 0, NULL ); //calculate histogram

(...)// draw histogram image and display it

}

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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void black_and_white_histogram() { // draw histogram image and display it P e ©

(...)
float min_value, max_value; int min_idx, max_idx;
cvGetMinMaxHistValue( hist, &min_value, &max_value, &min_idx, &max_idx);
cvScale( hist->bins, hist->bins, ((double)histimage->height)/max_value, 0 );
//scale the bin values so that they will fit in the image representation
cvSet( histimage, cvScalarAll(255), 0 );
int bin_w = cvRound((double)histimage->width/hist_size);
int i; float mean=0, variance=0;
for(i=0;i< hist_size; i++) {
cvRectangle( histimage, cvPoint(i*bin_w, histimage->height),
cvPoint((i+1)*bin_w, histimage->height - cvRound(cvGetReal1D(hist->bins,i))),
cvScalarAll(0), -1, 8,0);
float* bins = cvGetHistValue_1D(hist,i); // You can get histogram values this way,
float one_histogram_value = bins[0];  // if you need it for calculations
}
(...) // Display histogram image
}

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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void resize() {
char* imageName = "C:\\Users\\Krisztian.Buza\\collection1\\beach1.jpg";
Iplimage* im = cvLoadlmage(imageName, -1); if(im==0) {return; }
Iplimage* resizedlmage =
cvCreatelmage(cvSize(im->width*5,im->height*5), IPL_DEPTH_8U, 3);

cvResize( im, resizedlmage, CV_INTER_LINEAR );
/* cvResize( im , resizedimage, CV_INTER_LINEAR );
— CV_INTER_NN - nearest-neigbor interpolation
— CV_INTER_LINEAR - bilinear interpolation (used by default)
— CV_INTER_AREA - resampling using pixel area relation.
— CV_INTER_CUBIC - bicubic interpolation
cvSmooth( const CvArr* src, CvArr* dst, int smoothtype=CV_GAUSSIAN,
int param1=3, int param2=0, double param3=0 ) */

(...) // Display image
}

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Iplimage* im = cvLoadlmage(imageName, -1);

for (inti=0; i< im->height ; i++) {
for (int j=0 ; j < im->width ; j++) {
uchar* chanel_values =
&CV_IMAGE_ELEM(im, uchar, i, j*3);

// 3-channel, color image
// i = horizontal position
// j = vertical position
// chanel_values[0], chanel_values[1], ...
// you can read and write (change) pixel values

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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* Java-like syntax
— int, char, {, }, if, while ... like in Java
— Functions = Methods
— Pointers = References

* Some important differences compared to Java
— Not fully object-oriented
— Pointers
— Arrays and Pointers
— Memory allocation

— Character arrays often used as strings
(although there is a String class in C++)

— Logic expressions

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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C/C++ is not fully object-oriented

B FirstCProgram - Yisual C++ 2008 Express Edition = =101 =]
File Edt Vew Project Buld Debug  Tools Window Help
DS P % G0 b oo - wn -
= = a o 2
3 %k ax S 0OPIEB/BR,
2 o " - x [
% i
| 5 o
(Global Scope) jl W main(int arge, char ** argw) d g}
|54 Solution 'FirstCPragram’ {1 project) 3 T . =5
£ A FirstCProgram ‘T—‘_ LEEIUCE SORCITL 1 I I
- [ Header Files o
W = A g int main(int arge, char®™® argv) { 3
- [ Source Fies |_ printf("Eello World!id): ER
&4 MyProgram.cpp ' =1
=
=3
= Ik
#
] Soluti... |T_/'$CIassH. |‘=|3Prupe.” < | _bl_l =
Show output From:  Build - R AR x|E
l-Copyright (C) Microsoft Corporation. All rights reserved.
1:Build log was saved at "file://c:\Users\Kriszrian. Buza Visusl Studio Z008\Prodects
1»FirstCProgram - 0 erroris}, 0 warnin gis)
========== Build: 1 succesded, O failed, 0 up-to-dats, 0 skipped ========== -
gl | LI_I
& Code Definition Window |‘;_E|Cau Browser | =] Output |
Ttem(s) Saved Ln4 Col 27 Ch24 N5
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C/C++ is not fully object-oriented

* One does not need to use classes

— But one CAN use classes (C++), if it fits the task
better

* One can write programs with functions
* Functions have a return type (like in java)

* |f one does not use classes, no function access
control (like public, private, protected)

e Function main similar to the main
method in Java
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* |nJava
— char, int, byte ... 2 value is stored (char # Char A)

— Objects: new creates an object instance, variables are
references to objects (when calling a method on an object
you do not need to know that the variable is a reference)

* |InC/C++
A — Variables can store both values and pointers (be careful
and make sure if you store the pointer or the value)

A — Pointer for an int 2 memory adress where it is stored
(one usually does not want to use this in calculations)

K. Buza, Lars Schmidt-Thieme, Information Systems and Machine Learning Lab (ISMLL), University of Hildesheim, Germany
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Value vs. Reference — Example (Java
inti=1;
intj =i
i+

DreieckMitRechteck d = new DreieckMitRechteck(1.0d, 2.0d);
DreieckMitRechteck d2 = d;
d2.changeA(2.0);
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Value vs. Pointer — Example (C/C++

inti=1; // the value of i is set to 1
int* j = &i; // use * to define pointers
int* k = &i; // i,k are pointers, they include the memory adress of i

// &i means: the memory adress of i
j++; // the memory adress is changed, as you do not what is at
// the new adress, please be very careful

// do not change the content at the new adress
// if you want to avoid strange bugs!!!

(*k)++; // * turns the pointer into value (you can access the value
// stored at the given adress)
// the value of i has been changed!
// (k is just a pointer to i)
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Arrays and pointers

* Pointer arithmetic
* Memory allocation (calloc)

int* my_array = (int *) calloc(20, sizeof(int));
my_array[0] = 23;
my_array[1] = 12;

int[] my_array my_array[3] = 45;

int* my_array = (int *) calloc(20, sizeof(int));
*(my_array)=23;

*(my_array+1) = 12;

*(my_array+2) = 45;

Course on Image Analysis, winter term 2008/09
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Strings vs. char arrays

Often char arrays are used instead
of strings

char path[] = "C:\\Users\\Krisztian.Buza\\*“;
char* file = "2007_006240.jpg";
char* imageName =
(char *) calloc(strlen(path) + strlen(file) + 1, sizeof(char));
strcat(imageName, path);
strcat(imageName, file);
std::cout<<imageName<<"\n";
std::cout<<path<<"\n";
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* Java-like expressions allowed
if (i==0) { ...}
* integer = logic expression in C/C++
0 - false, everything else = true
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inti=0;intj=1;intk=-1;
if (i) std::cout << "i ";

if (j) std::cout << "j ";

if (k) std::cout << "k ";

Actually, logic expressions are evaluated as integers in C/C++
System.out.printIn(i==5); > true or false
std::cout << (i==5); > lor0
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Tutorial

http://www.scribd.com/doc/4020623/opencv-introduction-2007June9
http://www.site.uottawa.ca/~laganier/tutorial/opencv+directshow/cvision.htm

Reference Manual
http://vision.cis.udel.edu/opencv/

Machine Learning Library for openCV
http://www.seas.upenn.edu/~bensapp/opencvdocs/ref/opencvref ml.htm

Other sources

http://www.softintegration.com/products/thirdparty/opencv/demos/
http://groups.yahoo.com/group/OpenCV/
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