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Features

e OpenCvSharp is modeled on the native OpenCV C/C++ API style as much as
possible.

¢ Many classes of OpenCvSharp implement IDisposable. There is no need to manage
unsafe resources.

¢ OpenCvSharp does not force object-oriented programming style on you. You can
also call native-style OpenCV functions.

¢ OpenCvSharp provides functions for converting from Mat/Iplimage into Bitmap
(GDI+) or WriteableBitmap (WPF).

e OpenCvSharp can work on Mono. It can run on any platform which Mono supports
(e.g. Linux and MacOSX).


http://www.mono-project.com/Main_Page
http://www.mono-project.com/Main_Page
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o OpenCV Edge Detection and Video Capture with C#
e OpenCV Head Tracking with C#

e Record Video with OpenCV and C#

e OpenCV Corner Detection with C#

o OpenCV Eye Tracking with C#

e OpenCV Skin Detector with C#

e Use OpenCV in a Windows Form Application in C#
e More Eye Tracking with OpenCV and C#

o Template Matching with OpenCV and.C#

o Augmented Reality Video

o How to Train OpenCV Haar Classifiers

o Augmented Reality Using C#and OpenCV

e Getting Started with OpenCV and. Python

e Introduction to embedded visionand the OpenCV library
e Virtual 3D with OpenCV and C#

o Lane Detection with OpenCV and C#
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OpenCV is a computer vision
library originally developed by
Intel. It is free for use under the
open source BSD license. The
library is cross-platform. It focuses
mainly on real-time image pro-

cessing. If the library finds Intel's
Integrated Performance Primitives
on the system, it will use these
commercial optimized routines to
accelerate itself.
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Facial recognition system
Gesture recognition
Human-computer interface
Mobile robotics
Segmentation and recognition
Motion tracking
Acrtificial neural networks
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(MLL) Machine learning Library .o

highGuiLibrary

basic structures and algorithmes,
XML support, drawing functions

cv MLL HighGUI
Image processing Statistical Classifiers GuUlI,
and and Image and
Vision Algorithms Clustering Tools Video I/O
CXCORE
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Windows |y (. 1pP; v (w. IPP; =+ (w. IPP; N/A

MSVCe, MSVCo+PSDK.NE PSDK, some

MNET2005+0MP, | T2005+0MP, PSDK) | tests fail)

ICC, GCC, BCQ)
Linux v (w. IPP; v (w.IPP;GCC, | v (Gecico) | x

GCC, BCC) BCC)
MacOSX 1y (w.1pp,GCC, |2 (nottested) | N/A v (iMac G5, GCC,

native APIs) native APIs)
Others Reported to build
(BSD, x x x on UltraSparc
Solaris...) Solaris

opencv Slooddy Jobd sla a0y (F-V) S

oS Cnl Jou ailsels SO cids s IPPass Ll 1) Las a9 PP adds YU WSe jo el S
gl oo B OPENCY & pgai (L3l 5 akee; 5o

5 oplpls g ol oo bolsdmngs g atde Lol by b Liles IPP a5 el o) 51 S o oo
o 158l Esnc (IPPY oS ol ol Jinl 8,0 oo g canl 0,950 oV e Ceyus
el S ) ags BB ol 48> aslie (gl aS 00,5 adgs

QS o )5 09 4 o2 X86 solgils sla CPU  oled (5, ailulis oyl Ll

<> AMD éls CPU (g9, IPP a5 ot pglas « ol plol o o8 5 5l (SO dawgs a5 ialesl o
oSl 1) g sl 5l 6l (35 ol 45 S o Jme Jol 5l i sl

cail oo lie pl cole gyl a5 adb o 3 |y g5 JolS Slsgs YU WSe
Gray bradski & Adrian Kaehler «.ig Learning Opencv  oLS & auly oo yidon Sloresgs gl p
A aS 3,10 09> ju OLS pl odd des 5 ddvud all Gl gz g0 Alie (pl denons jo A5 WSS Ao
03,5 aaz i a |y ()] p2 e o g Sl 00l dliigi s o0 GLS 1l oz 0l pe a5 35 el
(35S (03 dnog Conl 0uilgs g oy )3 |, QLS (pl a5 oS olsie ).l

VY



Q -
: Qs >0pency Opencv L 059331 cundly o ygad @)l 3

sl gt&\ é.gL;.o = ONlg> 4 CL:-"-"‘ 5 Cowl 59290 OPENCV ol 095 o &lo o e
.o)ij 1) wy MU).g

S S axs —F-Y

BLulS ol 5 oS oo Juend Jlown 1) pgal 0310 10 cuugi deli  aig,y allbulis ol 5l oolazul
G r9 s AlulS w0, adlol 4 jls Koo g0l 1) cwng sl sl p3Y slo )l olod
Iy o 4sbp slajls cales (@Il Salipls ailsulis o LB o wilbuliS ol sl 5l plaS o s

S e 8

\ ¢



t ¥ Juad

visual studio 2010 30 OPENCV g jlw oOL“.u? § i



visual yoopency sy lw soluy o wuasd

studio 2010 Opency Ly o2 g3dl Curdly o ygad )l a o
dodso -V -¥

21y p3Y Sl 5l oSS a5l 3L CHt L g C by a4 cwogs 4ol gl OPENCY  ai >
5 p5Y sl oolaiul AilbulS acgamo cpl 5 lg B oS sl (IDE) ey doliy laore g Jule piacens
by sl banzee g o pjiily (ooled (95 2 Ol (oo 1) ALRLS ol & el Gl poee 4555 00 1, (B
O 3l ol 5 i @y pladl e abgy o ol glotal, 5 STl Gl (00 5k S50 50 35 0oy

DS ey debpigle e S5 0
http://opencv.org

g

- el Jlgie men 4 o aed aled (g9, 515 sy (9
b elys all e dered BB o maus B o pla sl ¢ Bl Sleisgs 4 5l O jge o

(10005 B 43) o 09 —Y¥—F

Pl abgypo Col 5l AlRLS 09kl 5l

sourceforge
Smarter I'T Services
Technology Services that con »
delver mearurable resulty
Geeknet 6
0
Lo

Download OpenCV 2.3, 1. winsuperpack.exe (131.1 MB)

Name ¢ Modified®  Size ¢

4+ Parent folder
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Totals: 1 ltem 268 MB
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¢ Setup - Open Source Computer Vision Library g':

Welcome to the Open Source
Computer Vision Library Setup
Wizard

This wil inctall Open Source Computes Vision Library 1.1pel on
your computer,

Itis recommended that pou close all other spplcations before
contireing

Cick Newt to conkrue, or Cancel to exk Setup.

License Agreement
Please read the following important information before continuing.

Pleace read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation

IMPORTANT: READ BEFORE DOWNLOADING, COPYING, INSTALLINGOR &
USING.

By downloading, copying, installing o using the software you agree to this license.
If you do not agree to this license, do not download, instal.
copy or use the software.

Intel License Agreement
For Open Source Computer Vision Library

‘ (® | accept the agreement
O do not accept the agreement '

[ < Back ][ Next > ][ Cancel

o Sl (Y-F) Js

¢ Setup - Open Source Computer Vision Library

Select Destination Location
‘Where should Open Source Computer Vision Library be installed?

N/

7

s
\

J Setup will install Open Source Computer Vision Library into the fallowing folder.

To continue, click Next. If you would fike to select a different folder, click Browse

I| Browse I

8

At least 301 MB of free disk space is required. '

[ < Back H Next > ][ Cancel ]

o Jol e (F-F) JS
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.c,w;loomglsoylo&lé‘%&j‘_k@g;,)w@pgj i 6 LB 5 o ¢ S o
Fosye @l @l e 2]y ceal St sl 5 05 4z
s 41,3 C:\OpenCv

Setup - Open Source Computer Vision Library

Select Stait Menu Folder
‘Where should Setup place the program's shortcuts?

Setup will create the progiam’s shortcuts in the following Start Menw folder,

To contirwe, click Next. If you woudd like to select a different foldes, click Browse.

‘ Browise...

@

[ < Back " Next > I[ Cancel ]

ol o1 g (0-F) S

Setup - Open Source Computer Vision Library

Select Additional Tasks
‘Which addtional tasks should be performed?

Select the addrional tasks you would like Setup to perform whie instaling Open Source
Computer Vision Library, then click Next

l Add <..>\0penCV\bin to the system PATH

&

[ < Back ][ Next > ][ Cancel ]

5 Setup - Open Source Computer Vision Library

your computes,

Ready to Install
Setup is now ready ta begin mstaling Open Source Computer Vision Library on

Click Install to continue with the installation, or clhick Back if you want to review or
change any setlings.

| Destination location:
C:\OpenCV

|Start Menu folder:
OpenCV

| Addtional tasks:
Add <. >\0penCy\bin to the system PATH

S

[ < Back ][ Install J[ Cancel ]

oo Jol pe (V=F) S
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w2 9,5 |y okl Jlofng bawmee j3 ) (ouns 4l

visual studio 4 opencv Jlasl-¥-¥

435 o Ceow §l g auip |, Properties 5 ous SLIS cul, my computer s,

S ol |, Advance System Setting
g "Environment Variables" co.s 4 5 ol |, AdVANCe s ool 5o s 10 rns

System Properties r?,—l gl
System Restore Automatic Updates Remote
Genesal Comnputes Name Hadweate Advanced

You must be logged on as an Administrator 1o make most of these changes

Pesformance

Visual effects, processor schedulng. memory usage, and vitual memory

User Profiles
Desklop settings related to your logon

Startup and Recovery

System staitup, system fadure, and debugging information

o)

I Erwvironment Vaciables ] [ Eror Reporting ]

[ ox ][ Canca |

s Jolae (A-F) JS

)4



visual y > opencv ¢ ) Lw

ool g wuas

studio 2010 Opencv Ly 039381 cuadly g sysad @30

Environment Variables EI

User variables for Michael

Variable Value
TEMP C:\Documents and Settings\MichaeliLoc...
T™MP C:\Documents and Settings\MichaeliLoc. ..

[ wew ][ gdt ][ pelete |

System variables

Variable Value e
FP_NO_HOST_C... NO

NUMBER_OF P... 2

05 ————WrdoWE_NT —_—
C:\WINDOWS\system32;

owas e (4-F) G

Sy 1, Edit g obest |, path 435 system variables cos 51 s

1S Lol Path 4l 55 e o TY R e sl (95T

c: \opencv\build\x86\vc10\bin
S aslol pathiw 1) 55 jewe oo £F R e 5 ool &gy
c: \opencv\build\x64\vc10\bin

& I3%ab 5 a5l WIN32 console application g 5l CHt o5, O goginl Jlgig 50 (m
OpenCVTest : i sl oS

D€ Start Page - Microsoft Visual Studio (Administrator) L3 Y1 | Quick Launch (Ctrl+Q) P - F x
FILE EDIT VIEW DEBUG TEAM TOOLS TEST ARCHITECTURE ANALYZE WINDOW HELP Signin H
g B S b - - p Attach.. - - M
P j (8 e |
¢ TR e i -
;;H b Recent _NET Framework 4.5 - Sortby: Default o = Search Installed Templ P ~
s 4 Installed o Type: Visusl
] Ul Bl win32 Console Application Visual C++ ype: Visual C-+
= tig| . Templates A project for creating a Win32 console
= b Visual Basic ] MFC Application Visual C++ e
] v Visual C# =
at
Start 4 Visual Cr+ Win32 Project Visual C++
ATL
. st
CLR &'] Empty Project Visual C++
Open General I "
MFC
Open Makefile Project Visual C++
: =
Win32
b Visual F#
Recen SQL Server
opend TypeScript
Python
Cpengg b Other Project Types
Modeling Projects
Samples
b @nfim Click here to go online and find templates.
E List
T Mame: [OpencyTest ]
Location: cusers\mohammadidocumentsivisual studio 2013\Projects -
D
| solution name: OpenCyTest Create directory for solution
[] Add to source control
Error List | Output Solution Explorer  Team Explorer Class View

uas Jo>l e (V- F) S
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1S3 |, PrOPErties g oS IS el o35, pb (55, S
Savton Expioroy -

«.-_.|| )
- Saltion ‘Sohstions’ (1 project)
L

= T <5 Bud

n.a 'f_': ,E,:' Rebeld
';: Clean
n
G Re Project Onky >
=B " 54.: Build Custom@ations. .
o A >
=) Re. References. ..
Set as SatUp Project
Debug »
f, ot . Clri-
aste trid
X Remove Del
Rename F2
Urload Project
Rescan Scluton
=y Propertes

s Jo>l s (VY= F) U

CpenCVTest Property Pages =‘ M
Configuration: | Active(Debug) * | Platform: |Active(Win32) V] ’ Configuration Manager... ]
I Common Properties 4 General
4 Configuration Properties Executable Directories S(VC_ExecutablePath_xB6); S(WindowsSDK_ExecutablePath); £
General Include Directories S(WC_IncludePath); 5{WindowsSDK_IncludePath);
Debugging Reference Directories S(VC_ReferencesPath_xB86);
Library Directories S(VC_LibraryPath_x86); 5(Windows5DK_LibraryPath_xB86);
boC/Ces Library WinRT Directories S(WindowsSDK_MetadataPath):
b Linker Source Directories S(VC_SourcePath);
b LimmiEiiesl Exclude Directories S(VC_IncludePath); S(WindowsSDK_IncludePath];S(MSBuild_
- XML Document Generator
I Browse Information
I Build Events
I Custorn Build Step
I Code Analysis
Include Directories
Path to use when searching for include files while building a VC++ project. Corresponds to
a m s environment variable INCLUDE.
[ OK ] [ Cancel Apply

s Jol s (VY=F) U

l, 25 R e INClude Directories cus ;o 5 oS ol 1, VC++ DIrectory cuad
AwS S g
c:\opencv\build\include

C:\opencwinclude\opencv
C:\opencwvinclude\opencv2

Y
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3 Wlal ) 5 sle s g 00,5 Sl |, Library Directories e o,bgo

c:\opencv\build\x86\vc10\ib for vs2010 32bit
C:\opencv\build\x86\vc10\bin for vs2010 32bit
c:\ opencv\build\x64\vc10\lib for vs2010 64bit
C:\opencv\build\x64\vc10\bin for vs2010 64bit

I, configuration lal Linker — Input — Additional Dependencies cowd o o
(Configuration Manager ) ., ,li%; Release ¢,

OpenCWTest Property Pages

T

Configuration: | Active(Release)

~| Platform: |Active(Win32)

B

I Com

Configuration Manager
4 Con

4| Active solution configuration:

Active solution platform:

V] ’ Configuration ianager... ] ‘F

-] [win32

7

Debug
I Project contexts (check the pro tions to build or
“ Project ation

[« deploy):
Platform Build Deploy
OpenClTest Release lz‘ Win32 lz‘
BN
1
e
IntelliSens

a suitable

oo Jol e (VY-F) U

S o)ls 1y 55 B DLL oU Additional dependencies ;o e 4

opencv_core246d.lib
opencv_imgproc246d.lib
opencv_highgui246d.lib
opencv_ml246d.lib
opencv_video246d.lib
opencv_features2d246d.lib
opencv_calib3d246d.lib
opencv_objdetect246d.lib
opencv_contrib246d.lib
opencv_legacy246d.lib

YY
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opencv_flann246d.lib
opencv_gpu246d.lib
opencv_nonfree246d.lib
opencv_photo246d.lib
opencv_videostab246d.lib

s ,o5YeS & No 1, Linker — Use Library Dependency Inputs <aesd

( opencvtest Property Pages _Iéu1
Configuration: [Adive(ReIEase} VI Platform: [Active(WinBZ) V] [ Configuration Manager... ]
I Common Properties - Output File S{0utDir)s(TargetMame)S(TargetExt)
4 Coenfiguration Properties I Show Progress Mot Set
General Version
Debugging Enable Incremental Linking No (/INCREMENTAL:NO)
VC++ Directories Suppress Startup Banner Yes (/NOLOGO)
b C/CH+ Ignore Import Library Mo
4 Lo Register Qutput Mo
Eavarel Per-user Redirection No
Inqu E Additional Library Directories
Manlfe# File Link Library Dependencies Yes
Debugging Use Library Dependency Inputs Yes |z|
System .
Optimization Link Status
Ermbedded IDL Prevent DIl Binding
Windows Metadata Treat Linker Warning As Errors
Advanced Force File Qutput
All Options | Create Hot Patchable Image
Command Line Specify Section Attributes
I> Manifest Tool
I» Librarian
I Resources
I MIDL Use Library Dependency Inputs
[» XML Document Genera ~ | | Specifies whether or not the inputs to the librarian tool are used rather than the library file itself when linking in library cutputs
e of project dependencies,
[ OK ] [ Cancel ] [ Apply

o>l (YF-F) Ul

S Gloeal |y 15 S diged ygaST]
#tinclude <cv.h>

#include <cxcore.h>
#include <highgui.h>

int main(){

IplImage* img = cvLoadImage("mohammad.jpg"); //NULL;
cvNamedWindow("Examplel"”, CV_WINDOW AUTOSIZE);
cvShowImage("Examplel"”, img);

cviaitKey(0);

cvReleaseImage(&img);

cvDestroyWindow("Examplel");

return 9;

}

DS S bsgS 0f9p ade 4 JPG cw s L g mohammad b 4 WSe o
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ol > 9,>

CJ Y1 | QuickLlaunch (Ctrl+Q P - & X
FILE EDIT VIEW PROJECT BUILD DEBUG TEAM TOOLS TEST ARCHITECTURE ANALYZE WINDOW  HELP Sign in 4
e - SR 9 A_inmd wa CodeMap % _ ' 1= | “
Process: [4016] cvt.exe - =
~  Solution Explorer v X
(Global Scope) -~ @ main() - ® eo-2ailm o ﬁ(__
—i#include <cv.h> + g S—=r
#include <cxcore.h> e EXPOTErL P
#include <highgui.h> 7 Examplel o] e v 1 project)
ernal Dependencies
ader Files
—lint main(){ .ourc§ Files
IplImage* img = cvLoadImage(“"mohammad.jpg”); //NULL; brce Files
cvNamedWindow("Examplel™, CV_WINDOW_AUTOSIZ Source.cpp
cvShowImage("Examplel”, img);
cvidaitKey(@);
cvReleaseImage (&img); B c\users\mohamni bug\cvt.exe = = =
cvDestroyWindow("Examplel™);
return 9;
b
100% ~
Autos v 3 x cal
Autos  Locals Watch1 Call Stack | Breakpoints Comman... Immediat.. Output Solution Explorer Team Explorer

Read Ln16 Col2 Ch2 INS

Cr+ Loy 4o 4oliiyy >g )3 (Yo-¥) J<b

Al e 00l 7l (g Jaad (0 ¢ dalip oS 4 by e Doy

G5 dom — ¥ - ¥

g paaal yiuled Gz ool aoli p G e < 0,5

Y ¢
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doddo =)=

oy OPENCV 55,5 5 wlss 5 ma3lo (o0 (shol b yosito g 00l glgil )y @y Jad () o
30,5 5 ool (gam Jaad ;o oad ool pualas S o b oS oo

ol s o g £lgil X -8
<l OPENCV 15 Lo a5 cusls argi syl Wisd oo £3,5 CV aalS' L glyl 5 &35 5251 sb7OPENCV o

L S)n 50 lsl g @l o bl Dolis 5 098 oo oolitul 55 @l ploie 4Ll pb 5l Lam a5 ol
...)besnmy‘CVl.;&l?lBCVL@@ﬁ.mlﬂs@LﬁQT Jﬁ‘ B> g S>o5

: e
Al o 39590 OPENCY ailuliS 1o 90,0 a5 culmli G CVSIZE 4 g9 S CVSize

.CvPoint e

NGV NPV I 61wd)l@@)¢@4§(int)w@)’|y g X ol g lizle

. CvPoInt2D32f e

el pgai ) ) abais (g lagSS Lo a5 (Float) s g4 51Y 9 X Jols (o bl

: CvP0int3D32f e

el pgeas 5| gl adais (o logSS s Lol a5 (Float) s g4 51 ZoY 9 X ol g sl

Y



:CvSize e

el pgai o3l 6l 4 ol6 aS o go5 5l WIAEH 5 height Jels o sl

:CVRect e

sl pgeas | Sondd 03l5] (6 ,l0g S5 4 084S s g0 5l WIALh 4 height Jsls s Ls-Le

.CvScalar e

el b JuSy 5, led b pgeai paie (5 IS5 4,06 asdouble g4 51 LU F ol wl)]

AT
a5 85,10 3939 "o 4 aS (6,35 ab eaelB L Bl les 5l mlg ¢ o 53 a5 YL glgl oled (sl
@ g oo atsy C, C++ o oL; L Opency P I E WP SRVELSFE SV IURVE{ I P PE P PH R R
5 adl) ol sgzg Ll jo WIS pseie grdenl oo gile soly 1,5 d g 4l csle 90
ol 9090 a5 ol oot axig 5l sl ols LIS cond ilpg C# L; 4 a5 Opencvsharp

el 00 0ol SLIUCE 51 OPENCV (s5Lle ooly (sl 1V (090 alys CH# L5 4 5 0590 02!

:Jbe sl
Cvpoint cvpoint (int x , int y);

Sjke o CVPOINE 5l esiY 5X (85

:CvMat e

el 0uls Biiw g9 (pl 3l peal o i sled a5 Sl OPENCV o gloil 1y 5 cwlal 51 (SO

C(a wSe g polas o) Cenlylo ) aam Y0 sols Galisue polie (5)l0eS 5 08 il ¢ o5 oyl
solazul IpIIMage ;1 poasi o)l lp Lo g <l OPENCV s glgl mbans o YU g5 £¢ oyl aidl
2,5 bl

Yv



sl o6 cvCreateMat (row, col) s oJgs |, CvMat g4 wilgs o a5 b

:Ipllmage o
Lol Dl 1) aai a5 bogs po Sledlbl alS g 00ls 0 53 Cobld g45 ol sl OPENCV. Lol glgil 51 SO
Intel Performance Library caisee a5 sgis 9,5 [Pl L gg5 cpl« glgil pled (6,135 oL aclgd oM,

Sy ]l Cel a5 Cll s pgal g Dge ile sl C oLy @ Slygiws 5l gl degasme a5 ol

Sgb (oo 3l 5

Iplimage oy sl (cwg asbp 10 . od 0old oo Md a5 Jxnl PP albols o 5 & 90 0
Ol amlgs oli8l 1) head (b3ls s Cae a5 o 8 solaul IPPIMage ;5 oy

pgead 0 00ls glgil =Y =Y =0

Gl e o ools (pl £ 5 WNgd 0 0,38 B paal g4 5 ola ools Ipllmage sl pxe o
RGO VA TS Sz B o Sl ol g ail Cglie

J=2ad o, 0y gl gl (Y=0) Jyus

Unsigned 8 bit integer (Su) IPL DEPTH 8U :
Signed 8 bit integer (8s) IPL DEPTH &S :

Signed 16 bit integer (16s) IPL DEPTH 16S .

Signed 32 bit integer (32s) [PL DEPTH 3)§ :
32-bit fl oating-point single-precision (32f) IPL DEPTH 32F :
04-bit fl oating-point double-precision (64f) IPL DEPTH 64F :

cvSet2D g CVGet2D b pguai jolic 4w yiwds =Y =Y=0

Sg oo oolaiul cvGet2D Jgwd 5l paal 0 K, calite poldo 4 (e pwd S
Qb oo Sy o polie pad Cg CVSEZ2D  ioen g

YA



S5
2,5 ooliznl CVSEIND 5 CVGEIND I g oo wish axils am ¥ 5l s poas &5 590 40

void cvSet2D( CvArr* arr, int idx0, int idx1, CvScalar value );
void cvSetND( CvArr* arr, int* idx, CvScalar value );

(yo0ad SO i Lod) ol adgl 05" 4y by o Ol gi Y=Y =0

20 zeeogs ) euilied J8 Jad 10 aS 1) gl aolp 0 (60 0,5 Jie LB Lo U o loriial Cand ol o
coipd Lol elsil smlyi pspioly Jos 0

od G Y1  QuickLaunch (Ctrl+Q Pl - & x
FLE EDIT VIEW PROJCT BULD DEBUG TEAM TOOLS TEST ARCHITECTURE ANALYZE WINDOW HELP Signin
o - M D M_inmd A CodeMap | % . ta =% R

~ Solution Explorer - ax

Autos

utos | Locals Watch1 Call Stack | Breakpoints Comman... Immediat.. Output | Solution Explorer | Team Explorer
Read 1n16 Col2 Ch2 INS

s oo LS JU (V-0) S

Sgdn plonil al> 5o aus (b < LT Giles 5 OPENCV 50y 5las il

0 yxiy S esle
peal gHla5,L Y

el gule Y
(Comd o0 099 9 Jol Jo o o 5 aidl)
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0 ymy Sy clu )

ool LIS ol syl o] 53 s (385 3 g oy e oS Sl LS S el ol
Sgius plosl CVNamedWindow | gows
cvNamedWindow("Examplel™, CV_WINDOW_ AUTOSIZE);

Sialed og pgd lagS )T g 998 (o0 02y elgds b Juls a5 ol (gl ay ¢ s cnl Jsl SlesS
WS oo o | 0y
25l 55 05 Sl Dyge 4 Al oo pye lesS

CV_WINDOW_NORMAL

CV_WINDOW_AUTOSIZE
CV_WINDOW_FULLSCREEN

Ryai G 08,4 Y
Conl ain; o b ol sla legS  Togius sl CVIOAAIMAGE jgiws L pgai (oI350 ¢ oyusly=

Dgie Se (6395 e Jold &S
IplImage* img = cvLoadImage("mohammad.jpg");

aolpy adg gyl puoe 1) a6 poa b (LB 4SS o aie “mohammad.jpg” YL oS o
asload s
55 b g kel oaims (a5 45 0, Gl g3 el lsie 4 (IND) goae legs )T S b
sl 00 (6 A5y 9 y0s:

IplImage* img = cvLoadImage("mohammad.jpg" , 1);

Gl () Sygo a4 paad ol 13 slixe 4 S vae

ryad gl Y
asy o Jals g onl Jgl lesS T piSis ooliiwl CVShOWIMagQe [giws 5l pgas Siales sl
sl 0ad a3l IMY 6 L 5 IPIIMAgE L Lo Jle jo g 0,00 )13 T 48 pguas o

cvShowImage("Examplel”, img);

Sguias oolaiwl 1 50 5 po 3l g aelp y0 al ools iuled peal il &S5 s Ol lews a4l )
cviaitKey(0);
cvReleaseImage(&img);
cvDestroyWindow("Examplel");
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Sl sae ool b M ¢ asl aily 55 (6,500 les 5 Wl o CVWaitKey(0) jgiws al
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.Net Utilities

Emgu.Util namespace

(C#)

Nvidia Cuda
& NPP

[CIC++)

GPU processing
(required-gnly when
building GPhsupport)

OpenCW
=]

(DS N
ﬂayer 1 \

Emgu. CV. Structure
MNamespace &
/,_'- Moo Structure:

/ Wiapped Openll
Structures

CvEnuUm namespace:
Wiapped QpenlCW

|1 enumerations

Culnvoks Class:

Wiapped Openll
| — Functions
(Pinwvoke)

Layer 2
Image M atrix
Class Class
HaarCascade
\ k\#)

cvextern.dll
Exported OpenCW

Interfaces
(CrC++)

/

EmguCV, 45LlxL5S

ZedGraph
(C# 4 Met)

I ge
Hist am

S~

Presentation

~

control Class

Eg;lgu.C\.-'.'!:.;'j namespace

(C#)

N\
-

GPU Processing

/
~

cass cdass

N\

Eﬂmu.cuébu namespace

(C#)

/

/

Machine Learning

“\

pport
“Wector Machine)

SWM
(Su

ANN_MLP
(Meural Metwork)

(Y-0)

e

EQmu.C\.{.":I'i. namespace

(C#)

S/

JSb

Lsgi o 55 sl 5 ol OPENCV L (3daie SLlS ailslsS sl - OPENCVShArp b akal, 4o Ll
CB38 Lilel W3S oo Glanugs 4 pladl alliT & )90 4 01,3 goOgle code s 5 5,55 oS 58
W ngithub Colw s ojg JS ¢ o 5l aens s>
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Cv.ShowImage("src image", src);
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DS Sl 8 4l ,o 1, 0pencvsharp asbuls < USING 5l solitwl b b a5 wiles axaSh axl
using OpenCvSharp;

S92 059, 4 |, dll A CanedlS by Conl ool jlawo Lol 059 4y alulS ul 0,5 adlsl ogz
.S import

oS 5 (o3l ool YU maw (b 4 gz ¢ a5 conl cpl (OPENCVShAP) albuls ol JSiw Lo
0975 Jg el 10,55 5 OPENCV i 955 ;00 4 Cod (6568 Etyu 5 CSlie a0 ol oy (g0
Sl gaudne g il Lo ol solanl

opencvsharp ol ;o sg>ge (6 oo didgs aslip 5 Jle
using OpenCvSharp;

class Program

{

static void Main()
{
IplImage src
IplImage dst
BitDepth.U8, 1);
Cv.Canny(src, dst, 50, 200);// nsaiss)y »e )X il
Cv.NamedWindow("src image");
Cv.ShowImage("src image", src);
Cv.NamedWindow("dst image");
Cv.ShowImage("dst image", dst);
Cv.WaitKey();
Cv.DestroyAllWindows();
Cv.ReleaseImage(src);
Cv.ReleaseImage(dst);

Cv.LoadImage("lenna.png", LoadMode.GrayScale);
Cv.CreateImage(new CvSize(src.Width, src.Height),

}
}

39290 OpENCVSharp 4 Lo o « by )b o Cole 1o (o Lo ,&) gogom jlows mlin ailawlis

S S A - -0

SN @S oy ey lp E9pb S | OPENCY &ulS (59,0 sl paie Juad (pl o

YY



:f Juwas

Windows Form Application &G o Opencv 43l salaiw!

C# by a4 gracwl Jlgis a0



doddo =) —¢

sl 158l Corw 5l eolaiul ogou g muilo g oo C# YU s Ly L cangi aslp £o,0 4 Jad cpl o
28,5 el 1,8 1) (0509) (90 wSle (>

29 S 4 ol Bad g Gmyed 5l ek S piaai b OPENCY abulS (55l plin 4 pladl s
2,5 auplyz PiCture box G jo Lol cgz o lastesl

ploewdl 5 olo )5l Ll 0,8 oo colaiul paal isles Sy OPENCV I3lormles 5l besl U
Sre oy gogiwl Jlasag cdlug,Sle sl jlpl 5l oolaiwl culply ¢« 0 oo w51y 0ol aliiys asli

Lol (G909 sl o3 LIE S gl oles (sl
& Gpency ' - - | ol i

[ Stop ]{ Save Image J

Windows form » y 0" 345 giolas (V—7) JSCd

P =l goigp olml -¥ -7

5 alo ol Jlging Luxe ,o Windows Form Aplication s 5l ol 039, lal IS ol sl
S (o0 B 0y90 03 (A el G

el 0a ooliiul SAVE IMAPE 4 Start sls oL L BULON sue g0 5l 0,3 ol 4o

oo adlol o3 4 TOOIBOX _4i5 g4 5l a5 SAVeFileDialog <, 4 picture boxX <G e
- S

003 o5 0 bl eols sy DInStart 5 btnSavelmage « w5 « 1, button 4o name ;b

oS Jos 5ol



D4 OpenCVWinForm - Microsoft Visual Studio (Administrator) 63 Y7 | Quick Launch (Ctrl-Q) Pla 8 x
FLE EDIT VEW PROJECT BULD DEBUG TEAM FORMAT TOOLS TEST ARCHITECTURE ANALYZE WINDOW  HELP signin A
- B2 2 - B Start - - Debug =~ @ pW _ _

MainForm.cs [Design]” & X ~ Solution Explorer o o e BX

® e-20dB o &
1}
as' OpenCV == Search Solution Explorer (Ctrl+;) P~

%] Solution 'OpenCVWinFarm' (1 project)
4 [ OpenCVWinForm
b B Properties
b =B References
¥ app.config
b MainForm.cs
b Program.cs

s2inogeleq x0g|oo]  1310]dxg 1BAIg

Solution Explorer  Team Explorer Class View

Properties X

saveFileDialogl System.Windows Forms.SaveFileDialog -
En [D]f #

ShowHelp False -
SupportMultiDottedExtensic False
ral sa;.’EF\IED\a\ogl ValidateNames True
B Data

Qutput (ApplicationSettings)
Show output from: - m rl\leanmE‘ .
FileName
The file first shown in the dialog box, or the last one selected
Error List | Output by the user.
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D¢ OpenCVWinForm - Microsoft Visual Studio (Administrator) L3 Y7 | QuickLaunch (Ctrl+Q) Pl o B x
FILE EDIT WVIEW PROJECT BUILD DEBUG TEAM TOOLS TEST ARCHITECTURE ANALYZE WINDOW  HELP signin [
- B~-2omud - - pSa~ - |Debug - | B N 5
§ MainForm.cs® # X MainForm.cs [Design]™ ~  Solution Explorer = oo X
; 'l:OpenCVWmForm.MamForm - ®a btnSavelmage_Click{cbject sender, Eventirgs €) - m B-204 fien|
b= using System.Text; + -
=] using System.Threading; . Search Solution Explorer (Ctrl+;) P~
@ - H
i using System.Windows.Forms; a1 Solution 'OpenCVWinForm' (1 proje
8 . 4 OpenCVWinForm
g using OpenCuSharp; b & Properties
o [Flnamespace OpenCViinForm o0 [ s
By ¥ app.config
) 3 et b MainForm.cs
5 =] public partial class MainForm : Form b c* Program.cs
L] {
private Thread _cameraThread;
4 4
= ’;ubllc MainForm() Solution Ex... Team Explo... Class View
1 Properties - cw X
InitializeComponent();
3 OpenCVWinForm Project Properties ~
=]
N
= #region Camera Thread *
1 e B Misc
= private void CaptureCamera() Project File OpenCVWinForm.csg
Project Folder  Ch\Users\mohammai
_cameraThread = new Thread(new ThreadStart(CaptureCameraCallback));
“cameraThread.Start();
1
-
i
100% ~ 4 »
Show output from: ~ a

Misc

Error List  Output
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OpenCvSharpExtern.dll

OpenCvSharp.dll
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OpenCvSharp.CPlusPlus.dll
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using system.Ling; Rebuild References
=] using System.Text; .
& using System.Threading; Clean ap?'w"ﬁg
? using System.Windows.Forms; Miew , MainFerm.cs
= Program.cs
R using OpenCvSharp; Analize "
& Publish..
—Inamespace OpenCViWinForm Scopeto This 3
L Team Explo... Class View
i Team Explo... Class Vi
3 references Mew Solution Explorer View
= {p:ubllc partial class MainForm : Form £ Show on Code Map coow X
private Thread _cameraThre ‘O New Item.. Ctrl+Shifts A Add b pForm Project Properties ~
]
R ‘O Existing eem... Shift+Alt+ A B Manage NuGet Packages...
= public MainForm() 4 New Folder L} Set as StartUp Project
{ Deb e OpenCVWinForm.csg
InitializeComponent(); Reference.. oG Ider  C\Users\mohammat
} Service Reference... Source Control 3
» .
- #region Camera Thread = Windows Form... ¥ cut Chrl+X
1 reference i User Control...
= private void CaptureCamera
- *1 Component... X  Remove Del
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S Unload Project
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using OpenCvSharp;
using System.Threading;

s thread ; coliiul o USING rog0 g ol pgaad (5310 5 ailsuliS 51 ool cg> USING

SOl oo g SloFlS sk

1ASS
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private Thread _cameraThread;
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private void CaptureCamera()

{

_cameraThread = new Thread(new ThreadStart(CaptureCameraCallback));
_cameraThread.Start();

¥
Sy, b s5lee &,90 4 |, CaptureCameraCallback oL L «U < CaptureCamera U

ol p,8 50 o1 bl 5 pgal g0k w8 ol ddsg g wiSe Ll 1) T g 005 oo aalip Lol
: CaptureCameraCallback() ~b Ll

private void CaptureCameraCallback()

{
using (CvCapture cap = CvCapture.FromCamera(CaptureDevice.Any, 1))
while (CvWindow.WaitKey(10) < 0)
{
Bitmap bm = BitmapConverter.ToBitmap(cap.QueryFrame());
bm.SetResolution(pctCvWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;
}
}
}
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using System.Drawing;

bm.SetResolution(pctCvWindow.Width, pctCvWindow.Height); Ls L o1 51 e
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pctCvWindow.Image = bm;
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private void MainForm_FormClosing(object sender, FormClosingEventArgs e)

{

if (_cameraThread != null && _cameraThread.IsAlive)

{
}

_cameraThread.Abort();
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private void btnStart_Click(object sender, EventArgs e)
¢ if (btnStart.Text.Equals("Start"))
¢ CaptureCamera();
btnStart.Text = "Stop";
}
else
{
_cameraThread.Abort();
btnStart.Text = "Start";
}
}
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[ Stop H Save Image ]
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private void btnSaveImage_Click(object sender, EventArgs e)

{
saveFileDialogl.FileName = "opencv-image.jpg";
if (saveFileDialogl.ShowDialog() == DialogResult.OK)
{
String imageFileName = saveFileDialogl.FileName;
pctCviWindow.Image.Save(imageFileName);
}
}
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. oS o0 ol CaptureCameraCallback()
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S 50,5 o j90 10 9 08 sy |y 90 Gl 8 51 Sy S Bkl (sl (00,6 b asl B
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SPEED
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private void CaptureCameraCallback()
{
CvCapture cap = CvCapture.FromCamera(l);
IplImage tpl = new IplImage("speedlimit55.jpg", LoadMode.AnyColor |
LoadMode.AnyDepth);
CvPoint minloc;
CvPoint maxloc;
double minval;
double maxval;
double thresh = 0.3;
while (true)
{
IplImage img = cap.QueryFrame();
IplImage res = Cv.CreateImage(Cv.Size(img.Width - tpl.width + 1,
img.Height - tpl.Height + 1), BitDepth.F32, 1);
IplImage gimg = Cv.CreateImage(Cv.GetSize(img), img.Depth, 1);
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IplImage gtpl = Cv.CreateImage(Cv.GetSize(tpl), img.Depth, 1);

Cv.CvtColor(img, gimg, ColorConversion.BgrToGray);

Cv.CvtColor(tpl, gtpl, ColorConversion.BgrToGray);

Cv.MatchTemplate(gimg, gtpl, res,
MatchTemplateMethod.CCoeffNormed);

Cv.MinMaxLoc(res, out minval, out maxval, out minloc, out maxloc,
null);

if (maxval > thresh)

{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.Width, minloc.Y +
tpl.Height), Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 9);

}
Bitmap bm = BitmapConverter.ToBitmap(img);

bm.SetResolution(pctCvWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;
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Iplimage tpl = new IplImage("speedlimit55.jpg", LoadMode.AnyColor |
LoadMode.AnyDepth);
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CvPoint minloc;
CvPoint maxloc;
double minval;
double maxval;
double thresh = 0.3;
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IplImage res = Cv.CreateImage(Cv.Size(img.Width - tpl.wWidth + 1, img.Height -
tpl.Height + 1), BitDepth.F32, 1);
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IplImage gimg
IplImage gtpl

Cv.CreateImage(Cv.GetSize(img), img.Depth, 1);
Cv.CreateImage(Cv.GetSize(tpl), img.Depth, 1);
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Cv.MatchTemplate(gimg, gtpl, res, MatchTemplateMethod.CCoeffNormed);
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Cv.MinMaxLoc(res, out minval, out maxval, out minloc, out maxloc, null);
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http://docs.opencv.org/doc/tutorials/imgproc/histograms/template matc
hing/template matching.html
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if (maxval > thresh)

{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.Width, minloc.Y +

tpl.Height),Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 0);
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Bitmap bm = BitmapConverter.ToBitmap(img);

bm.SetResolution(pctCviWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;
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D Template Matching (Running) - Microsoft Visual Studio (Administrator (3 Y7 |QuickLaunch (Ctrl+Q) P = B x

FILE EDIT VIEW PROJECT BUILD DEBUG TEAM FORMAT TOOLS TEST ARCHITECTURE ANALYZE WINDOW  HELP Signin B
G- SR D x t X v Ve ol m (o] %% Code Map ’%; 1
Process: [3812] Template Matching.vshost. ~ ispend = Tt ta ame =

Forml.cs & Forml.cs [Design] B # X v IntelliTrace v X

a -
o2 Template Matchin| 85 Template Matching @%@‘

ce data, you must break execution of your

f\.

SPEED
LIMIT

925

€ settings

pt IntelliTrace

==
al saveFileDialogl
Autos
Autos  Locals Watch1 Call Stack | Breakpoints Comman... Immediat.. Output IntelliTrace  Solution Explorer Team Explorer

EN 4 lq; " 3 )

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.L.inq;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;
using OpenCvSharp;

using System.Threading;

namespace Template_Matching

{

public partial class Forml : Form

{
public Formil()

{
}

InitializeComponent();

//thread
private Thread _cameraThread;
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//start thread
#region Camera Thread
private void CaptureCamera()

{

_cameraThread = new Thread(new ThreadStart(CaptureCameraCallback));
_cameraThread.Start();

}

private void CaptureCameraCallback()

{

CvCapture cap = CvCapture.FromCamera(l);
IplImage tpl = new IplImage("speedlimit55.jpg", LoadMode.AnyColor |

LoadMode .AnyDepth);

CvPoint minloc;
CvPoint maxloc;
double minval;
double maxval;
double thresh = 0.3;
while (true)
{
IplImage img = cap.QueryFrame();
IplImage res = Cv.CreateImage(Cv.Size(img.Width - tpl.width + 1,

img.Height - tpl.Height + 1), BitDepth.F32, 1);

IplImage gimg = Cv.CreateImage(Cv.GetSize(img), img.Depth, 1);
IplImage gtpl = Cv.CreateImage(Cv.GetSize(tpl), img.Depth, 1);
Cv.CvtColor(img, gimg, ColorConversion.BgrToGray);
Cv.CvtColor(tpl, gtpl, ColorConversion.BgrToGray);
Cv.MatchTemplate(gimg, gtpl, res,

MatchTemplateMethod.CCoeffNormed);

null);

Cv.MinMaxLoc(res, out minval, out maxval, out minloc, out maxloc,

if (maxval > thresh)

{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.wWidth, minloc.Y +

tpl.Height), Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 9);

}

Bitmap bm = BitmapConverter.ToBitmap(img);
bm.SetResolution(pctCviWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;

}

#endregion

private void btnStart_Click(object sender, EventArgs e)

¢ if (btnStart.Text.Equals("Start"))
¢ CaptureCamera();
btnStart.Text = "Stop";
}
else
{
_cameraThread.Abort();
btnStart.Text = "Start";
}
}

#region Form Handlers
private void Forml_FormClosing(object sender, FormClosingEventArgs e)

¢q



if (_cameraThread != null && _cameraThread.IsAlive)
{
_cameraThread.Abort();
}
}
#endregion

private void buttonl_Click(object sender, EventArgs e)

{
saveFileDialogl.FileName = "opencv-image.jpg";
if (saveFileDialogl.ShowDialog() == DialogResult.OK)
{
String imageFileName = saveFileDialogl.FileName;
pctCvWindow.Image.Save(imageFileName);
}
}
private void Forml_Load(object sender, EventArgs e)
{
}
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private void btnStart_Click(object sender, EventArgs e)
{
if (btnStart.Text.Equals("Start"))
{
CaptureCamera();
btnStart.Text = "Stop";
}
else
{
Cv.ReleaseCapture(cap);
_cameraThread.Abort();
btnStart.Text = "Start";
pctCvWindow.Image = null;
}
}

O bae oy 0 Sl cpl wl ool o | Q—l Sl Jg cwl dod fad gl Lo aile oS oyl

Cv.ReleaseCapture(cap);
pctCviWindow.Image = null;
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private void Forml_FormClosing(object sender, FormClosingEventArgs e)

{
if (_cameraThread != null & _cameraThread.IsAlive)
{
_cameraThread.Abort();
}
}

Sl3T, oo azs 5 thread acl oo aiws plKin a5 cunl p,8 sl EVENT S5 @ Lgy e YU oS

private void Forml_FormClosed(object sender, FormClosedEventArgs e)

{

Cv.ReleaseCapture(cap);
_cameraThread.Abort();

}
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//define variables
public float alpha = 0.1f;
public float beta = 1.0f;
CvCapture cap;
IplImage tpl;
CvPoint minloc;
CvPoint maxloc;
double minval;
double maxval;
IplImage img;
IplImage res;
IplImage flagimage;
IplImage flagresized;
public double thresh = 0.3;
//create thread
private Thread _cameraThread;
//camera & etc

thread G CJB o 1, 095 poai (oilop mb ojlal g thread  Slesls @ by gl

private void CaptureCamera()

{
_cameraThread = new Thread(new ThreadStart(CaptureCameraCallback));
_cameraThread.Start();

I, CaptureCameraCallback () o 9give pbul o] jo pgai (ojlop a5 1) b Lol sl o5 oyl
el 35 g S8 sla Jad aisle g 05 (oo Sl

ooy 4 g e Sllec soleiias” CaptureCameraCallback abi 4y bogy jo Siloresosd dy oy (o0 o
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private void CaptureCameraCallback()
{
CvCapture cap = CvCapture.FromCamera(l);
tpl = Cv.LoadImage("image.jpg", LoadMode.Color);
flagimage = Cv.LoadImage("mamad.jpg", LoadMode.AnyColor);
while (true)
{
img = cap.QueryFrame();
res = Cv.CreateImage(Cv.Size(img.Width - tpl.width + 1, img.Height
- tpl.Height + 1), BitDepth.F32, 1);
IplImage gimg = Cv.CreateImage(Cv.GetSize(img), img.Depth, 1);
IplImage gtpl = Cv.CreateImage(Cv.GetSize(tpl), img.Depth, 1);
Cv.CvtColor(img, gimg, ColorConversion.BgrToGray);
Cv.CvtColor(tpl, gtpl, ColorConversion.BgrToGray);
Cv.MatchTemplate(gimg, gtpl, res,
MatchTemplateMethod.CCoeffNormed);
Cv.MinMaxLoc(res, out minval, out maxval, out minloc, out maxloc,
null);
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CvRect cropRect = new CvRect(minloc.X, minloc.Y, tpl.Width,
tpl.Height);

flagresized = new IplImage(tpl.Size, flagimage.Depth,
flagimage.NChannels);

flagimage.Resize(flagresized);

if (maxval > thresh)

{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.wWidth, minloc.Y +
tpl.Height), Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 9);
Cv.SetImageROI(img, cropRect);
Cv.Addweighted(img, alpha, flagresized, beta, ©.0f, img);
Cv.ResetImageROI(img);

}

Bitmap bm = BitmapConverter.ToBitmap(img);
bm.SetResolution(pctCvWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;
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CvCapture cap = CvCapture.FromCamera(l);
tpl = Cv.LoadImage("image.jpg", LoadMode.Color);
flagimage = Cv.LoadImage("mamad.jpg", LoadMode.AnyColor);
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CvRect cropRect = new CvRect(minloc.X, minloc.Y, tpl.Width, tpl.Height);
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flagresized = new IplImage(tpl.Size, flagimage.Depth, flagimage.NChannels);
flagimage.Resize(flagresized);
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if (maxval > thresh)

{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.wWidth, minloc.Y +
tpl.Height), Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 9);
Cv.SetImageROI(img, cropRect);
Cv.Addweighted(img, alpha, flagresized, beta, 0.0f, img);
Cv.ResetImageROI(img);
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Cv.ResetImageROI(img);
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

using OpenCvSharp;
using System.Threading;

namespace Augmentedreality

{
public partial class Form1 : Form

{
public Form1()

{

InitializeComponent();

//define variables

public float alpha = 0.1f;
public float beta = 1.0f;
CvCapture cap;

Iplimage tpl;

CvPoint minloc;

CvPoint maxloc;

double minval;

double maxval;

Iplimage img;

Iplimage res;

Iplimage flagimage;

Iplimage flagresized;

public double thresh = 0.3;
/[create thread

private Thread _cameraThread;
/lcamera & etc

#region Camera Thread
//start thread

private void CaptureCamera()

{

_cameraThread = new Thread(new ThreadStart(CaptureCameraCallback));

_cameraThread.Start();

¥

private void CaptureCameraCallback()

{

CvCapture cap = CvCapture.FromCamera(1);
tpl = Cv.LoadIlmage("image.jpg"”, LoadMode.Color);
flagimage = Cv.Loadlmage("mamad.jpg", LoadMode.AnyColor);

R
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while (true)
{
img = cap.QueryFrame();
res = Cv.Createlmage(Cv.Size(img.Width - tpl.Width + 1, img.Height -
tpl.Height + 1), BitDepth.F32, 1);
Iplimage gimg = Cv.Createlmage(Cv.GetSize(img), img.Depth, 1);
Iplimage gtpl = Cv.Createlmage(Cv.GetSize(tpl), img.Depth, 1);
Cv.CvtColor(img, gimg, ColorConversion.BgrToGray);
Cv.CvtColor(tpl, gtpl, ColorConversion.BgrToGray);
Cv.MatchTemplate(gimg, gtpl, res, MatchTemplateMethod.CCoeffNormed);
Cv.MinMaxLoc(res, out minval, out maxval, out minloc, out maxloc, null);
CvRect cropRect = new CvRect(minloc.X, minloc.Y, tpl.Width, tpl.Height);
flagresized = new Iplimage(tpl.Size, flagimage.Depth, flagimage.NChannels);
flagimage.Resize(flagresized);
if (maxval > thresh)
{
Cv.Rectangle(img, Cv.Point(minloc.X + tpl.Width, minloc.Y + tpl.Height),
Cv.Point(minloc.X, minloc.Y), CvColor.Green, 5, 0, 0);
Cv.SetlmageROI(img, cropRect);
Cv.AddWeighted(img, alpha, flagresized, beta, 0.0f, img);
Cv.ResetlmageROI(img);
}
Bitmap bm = BitmapConverter. ToBitmap(img);
bm.SetResolution(pctCvWindow.Width, pctCvWindow.Height);
pctCvWindow.Image = bm;
}
}
#endregion

#region Form Handlers
private void Form1_FormClosing(object sender, FormClosingEventArgs e)

{

if (_cameraThread != null && _cameraThread.IsAlive)

{
_cameraThread.Abort();
}
}

#endregion
#region Button Handlers
private void btnStart_Click(object sender, EventArgs e)

{
if (btnStart. Text.Equals("Start"))

{

CaptureCamera();
btnStart. Text = "Stop";
}

else

{

Cv.ReleaseCapture(cap);
_cameraThread.Abort();

Ty
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btnStart. Text = "Start";
pctCvWindow.Image = null;

ki
¥

#endregion

private void Form1_FormClosed(object sender, FormClosedEventArgs e)

{

Cv.ReleaseCapture(cap);
_cameraThread.Abort();
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OpenCV 2.4 Cheat Sheet (C++)

The OpenCV C++ reference manual is here:
http: //docs. opency. org. Use Quick Search to find
descriptions of the particular functions and classes

Key OpenCV Classes

Point_ Template 2D point class

Point3_ Template 3D point class

Size_ Template size (width, height) class

Vec Template short vector class

Matx Template small matrix class

Scalar 4-element vector

Rect Rectangle

Range Integer value range

Mat 2D or multi-dimensional dense array
(can be used to store matrices, images,
histograms, feature descriptors, voxel
volumes etc.)

SparseMat Multi-dimensional sparse array

Ptr Template smart pointer class

Matrix Basics
Create a matrix
Mat image(240, 320, CV_8UC3);
[Re]allocate a pre-declared matrix
image.create(480, 640, CV_8UC3);
Create a matrix initialized with a constant
Mat A33(3, 3, CV_32F, Scalar(5));
Mat B33(3, 3, CV_32F); B33 = Scalar(5);
Mat C33 = Mat::ones(3, 3, CV_32F)*5.;
Mat D33 = Mat::zeros(3, 3, CV_32F) + 5.;
Create a matrix initialized with specified values
double a = CV_PI/3;
Mat A22 = (Mat_<float>(2, 2) «
cos(a), -sin(a), sin(a), cos(a));
float B22data[] = {cos(a), -sin(a), sin(a), cos(a)};
Mat B22 = Mat(2, 2, CV_32F, B22data).clone();
Initialize a random matrix
randu(image, Scalar(0), Scalar(256)); // uniform dist
randn(image, Scalar(128), Scalar(10)); // Gaussian dist
Convert matrix to/from other structures
(without copying the data)
Mat image_alias = image;
float* Idata=new float[480%640%3];
Mat I(480, 640, CV_32FC3, Idata);
vector<Point> iptvec(10);
Mat iP(iptvec); //iP - 10zl CV_325C2 matriz
IplImage* 01dCO = cvCreateImage(cvSize(320,240),16,1);
Mat newC = cvarrToMat (01dCO) ;
IplImage 0ldC1 = newC; CvMat 0ldC2 = newC;
... (with copying the data)
Mat newC2 = cvarrToMat(oldCO).clone();
vector<Point2f> ptvec = Mat_<Point2f>(iP);

Access matrix elements
A33.at<float>(i,j) = A33.at<float>(j,i)+1;

Mat dyImage (image.size(), image.type());

for(int y = 1; y < image.rows-1; y++) {
Vec3bx prevRow = image.ptr<Vec3b>(y-1);
Vec3b* nextRow = wawmm.vaHA<mnmUvA<+Huu
for(int x = 0; x < image.cols; x++)

for(int ¢ = 0; ¢ < 3; c++)
dyImage.at<Vec3b>(y,x) [c] =
saturate_cast<uchar>(
nextRow[x] [c] - prevRow([x] [c]);

}

Mat_<Vec3b>::iterator it = image.begin<Vec3b>(),
itEnd = image.end<Vec3b>();

for(; it != itEnd; ++it)
(xit) [1] ~= 255;

Matrix Manipulations: Copying,
Shuffling, Part Access

src.copyTo(dst) Copy matrix to another one

src.convertTo(dst,type,scale,shift) Scale and convert to
another datatype

m.clone() Make deep copy of a matrix

m.reshape(nch,nrows) Change matrix dimensions and/or num-
ber of channels without copying data

m.row(i), m.col(i)  Take a matrix row/column

m.rowRange (Range(i1,i2)) Take a matrix row/column span

m.colRange (Range(j1,j2))

m.diag(i) Take a matrix diagonal

m(Range(i1,i2),Range(j1,j2)),Take a submatrix

m(roi)

m.repeat(ny,nx) Make a bigger matrix from a smaller one

flip(src,dst,dir) Reverse the order of matrix rows and /or
columns

spliv(...) Split multi-channel matrix into separate
channels

Make a multi-channel matrix out of the
separate channels

Generalized form of split() and merge()
Randomly shuffle matrix elements

merge(...)

mixChannels(...)
randShuffle(...)

Example 1. Smooth image ROI in-place
Mat imgroi = image(Rect(10, 20, 100, 100));
GaussianBlur(imgroi, imgroi, Size(5, 5), 1.2, 1.2);
Example 2. Somewhere in a linear algebra algorithm
m.row(i) += m.row(j)*alpha;
Example 3. Copy image ROI to another image with conversion
Rect (1, 1, 10, 20);
Mat dstroi = dst(Rect(0,10,r.width,r.height));
src(r) .convertTo(dstroi, dstroi.type(), 1, 0);

Simple Matrix Operations

OpenCV implements most common arithmetical, logical and
other matrix operations, such as

e add(), subtract (), multiply(), divide(), absdiff(),
bitwise_and(), bitwise_or(), bitwise_xor(), max(),
min(), compare()

— correspondingly, addition, subtraction, element-wise
multiplication ... comparison of two matrices or a
matrix and a scalar.

Example. Alpha compositing function:

void alphaCompose(const Mat& rgbal,
const Mat& rgba2, Mat& rgba_dest)

S
Mat al(rgbal.size(), rgbal.type()), rai;
Mat a2(rgba2.size(), rgba2.type());
int mixch[]={3, 0, 3, 1, 3, 2, 3, 3};
mixChannels(&rgbal, 1, &al, 1, mixch, 4);
mixChannels(&rgba2, 1, &a2, 1, mixch, 4);
subtract(Scalar::all(255), al, ral);
bitwise_or(al, Scalar(0,0,0,255), al);
bitwise_or (a2, Scalar(0,0,0,255), a2);
multiply(a2, ral, a2, 1./255);
multiply(al, rgbal, al, 1./255);
multiply(a2, rgba2, a2, 1./255);
add(al, a2, rgba_dest);

:

e sum(), mean(), meanStdDev (), norm(), countNonZero().
minMaxLoc (),
— various statistics of matrix elements.

exp(), log(), pow(), sqrt(), cartToPolar(),
polarToCart()
— the classical math functions.

scaleAdd(), transpose(), gemm(), invert(), solve(),
determinant(), trace(), eigen(), SVD,

— the algebraic functions + SVD class.

dft(), idft (), det (), idet(),

— discrete Fourier and cosine transformations

For some operations a more convenient algebraic notation can
be used, for example:

Mat delta = (J.t()*J + lambda*
Mat::eye(J.cols, J.cols, J.type()))
.inv(CV_SVD)*(J.t()*err);

implements the core of Levenberg-Marquardt optimization
algorithm.

Image Processsing

Filtering

filter2D() Non-separable linear filter

sepFilter2D() Separable linear filter

boxFilter(), Smooth the image with one of the linear

GaussianBlur(), or non-linear filters

medianBlur (),

bilateralFilter()

Sobel(), Scharr() Compute the spatial image derivatives
2 2

Laplacian() compute Laplacian: Al = wﬂw - wﬂw

erode(), dilate() Morphological operations



Example. Filter image in-place with a 3x3 high-pass kernel
(preserve negative responses by shifting the result by 128):

filter2D(image, image, image.depth(), (Mat_<float>(3,3)«
-1, -1, -1, -1, 9, -1, -1, -1, -1), Point(1,1), 128);

Geometrical Transformations

resize() Resize image
getRectSubPix () Extract an image patch
warpAffine() Warp image affinely
warpPerspective() Warp image perspectively
remap() Generic image warping

convertMaps () Optimize maps for a faster remap() ex-

ecution

Example. Decimate image by factor of v/2:

FileStorage fs("test.yml", FileStorage::WRITE);
fs « "i" « 6 « "r" « 3.1 « "str" « "ABCDEFGH";
fs <« "mtx" <« Mat::eye(3,3,CV_32F);
fs « "mylist" <« "[" « CV_PI « "1+1" «
"{:" « "month" « 12 « "day" « 31 « "year"
< 1969 «« 3" « 1]t
£8 ¢ "mystruct” ¢ "' « M"x" ¢ 1 ¢ "y" € 2«
"width" « 100 <« "height" « 200 <« "lbp" « "
const uchar arr(] = {0, 1, 1, 0, 1, 1, 0, 1};
fs.writeRaw("u", arr, (int) (sizeof (arr)/sizeof(arr(0])));
fs ¢ :u: < ._v :

Scalars (integers, floating-point numbers, text strings),
matrices, STL vectors of scalars and some other types can be
written to the file storages using « operator

Mat dst; resize(src, dst, Size(), 1./sqrt(2), H.\mngnwvvuﬂww&:m the data back

Various Image Transformations

cvtColor() Convert image from one color space to
another
threshold (), Convert grayscale image to binary image

adaptivethreshold() using a fixed or a variable threshold

floodFill() Find a connected component using re-
gion growing algorithm
integral() Compute integral image

distanceTransform() build distance map or discrete Voronoi
diagram for a binary image.

watershed (), marker-based image segmentation algo-

grabCut () rithms. See the samples watershed.cpp
and grabcut. cpp.

Histograms

calcHist() Compute image(s) histogram

calcBackProject() Back-project the histogram

equalizeHist() Normalize image brightness and con-

trast

compareHist () Compare two histograms

Example. Compute Hue-Saturation histogram of an image:
Mat hsv, H;

cvtColor(image, hsv, CV_BGR2HSV);

int planes[]={0, 1}, hsize[] = {32, 32};
calcHist(&hsv, 1, planes, Mat(), H, 2, hsize, 0);

Contours

See contours2.cpp and squares.cpp samples on what are the
contours and how to use them.

Data I/0

XML/YAML storages are collections (possibly nested) of
scalar values, structures and heterogeneous lists.

Writing data to YAML (or XML)
// Type of the file is determined from the extension

’// Type of the file is determined from the content
FileStorage fs("test.yml", FileStorage::READ);
int i1 = (int)fs["i"]; double ri1 = (double)fs["r"];
string strl = (string)fs["str"];
Mat M; fs["mtx"] » M;
FileNode tl = fs["mylist"];
CV_Assert(tl.type() == FileNode::SEQ && tl.size() == 3);
double t10 = (double)tl[0]; string tll = (string)tl[1];
int m = (int)t1[2] ["month"], d = (int)t1[2]["day"];
int year = (int)t1[2]["year"];
FileNode tm = fs["mystruct"];
Rect r; r.x = (int)tm["x"], r.y = (int)tm["y"];
r.width = (int)tm["width"], r.height = (int)tm["height"];
int lbp_val = 0;
FileNodeIterator it = tm["1lbp"].begin();
for(int k = 0; k < 8; k++, ++it)

lbp_val |= ((int)*it) < k;

Scalars are read using the corresponding FileNode’s cast
operators. Matrices and some other types are read using »
operator. Lists can be read using FileNodelterator’s.

‘Writing and reading raster images
imvrite("myimage. jpg", image);

Mat image_color_copy = imread("myimage.jpg", 1);
Mat image_grayscale_copy = imread("myimage.jpg", 0);

The functions can read/write images in the following formats:
BMP (.bmp), JPEG (.jpg, .jpeg), TIFF (.tif, .tiff),
PNG (.png), PBM/PGM/PPM (.p?m), Sun Raster
(.sr), JPEG 2000 (.jp2). Every format supports 8-bit, 1-
or 3-channel images. Some formats (PNG, JPEG 2000)
support 16 bits per channel.

Reading video from a file or from a camera
VideoCapture cap;

if(argc > 1) cap.open(string(argv[1])); else cap.open(0):
Mat frame; namedWindow("video", 1);

for(5;) {

cap » frame; if(!frame.data) break;
imshow("video", frame); if(waitKey(30) >= 0) break;
}

Simple GUI (highgui module)

namedWindow(winname,flags) Create named highgui window

destroyWindow(winname) Destroy the specified window

imshow(winname, mtx) Show image in the window

waitKey (delay) Wait for a key press during the speci-
fied time interval (or forever). Process
events while waiting. Do not forget to
call this function several times a second
in your code.

createTrackbar(...) Add trackbar (slider) to the specified
window

setMouseCallback(...) Set the callback on mouse clicks and
movements in the specified window

See camshiftdemo.cpp and other OpenCV samples on how to

use the GUI functions.

Camera Calibration, Pose Estimation
and Depth Estimation

Calibrate camera from several views of
a calibration pattern.
findChessboardCorners () Find feature points on the checker-
board calibration pattern.
Find the object pose from the known
projections of its feature points.
Calibrate stereo camera.
Compute the rectification transforms for
a calibrated stereo camera.
initUndistortRectifyMap() Compute rectification map (for
remap()) for each stereo camera head.
StereoBM, StereoSGBM The stereo correspondence engines to be
run on rectified stereo pairs.
reprojectImageTo3D() Convert disparity map to 3D point
cloud.
Find best-fit perspective transformation
between two 2D point sets.
To calibrate a camera, you can use calibration.cpp or
stereo_calib.cpp samples. To get the disparity maps and the
point clouds, use stereo_match.cpp sample.

Object Detection

matchTemplate

calibrateCamera()

solvePnP()

stereoCalibrate()
stereoRectify()

findHomography ()

Compute proximity map for given tem-
plate.

Viola’s Cascade of Boosted classifiers us-
ing Haar or LBP features. Suits for de-
tecting faces, facial features and some
other objects without diverse textures.
See facedetect.cpp

HOGDescriptor N. Dalal’s object detector using
Histogram-of-Oriented-Gradients
(HOG) features. Suits for detect-
ing people, cars and other objects
with well-defined silhouettes. See
peopledetect.cpp

CascadeClassifier

Y






