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OpenCV Wwa w - VI |
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T ) D W C/IC++ b
v F ¥ b v _A C/IC++ b ~ @a OpenCV
W ) z A
woOT W - W @
v A ¥ STy - v _A
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A
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1.2 . Ys
editt 5 4 Qq ~ W AR YK Wa
0 QAr"™ Y a Windows I H L Qn 37 va
Notepad+% Visual Studio ¢ A
L=
MHE WEE B HEFW W
#include <stdio. h> B
int main()
printf{“Hello, OpenC¥!4n™);
return 0;
Y
[~
12 5 Windows € 7]
Y a H b n " H @ » w A
w Ay vya Trw oy )
Notepad+% 137 A
=10 x|
THEO RED BEO IEY RO BEQ BE0 F0 ETD EHE
0w 2 it
| cOBE 5 B« HmD(2e|mn|+ < (B2[]=1 >
Ehello.cppl
1 Minclude <stdio.h>
2 int main ()
3 B9
4 printf ("Hello, OpenCVI\n");
5 return 0;
6 }
lengtlln : 1 Col : 1 Sel : 0 [Dostiindows ST [ms™ 4
13 3 Notepad++ ¢ 19}
1.3 . HYs
" compilé h C++ 7 Q q -
p A D’ n "~ " T Y
a A "~ compilef W p A
- Windowsl/ EY  clexé¢ Linuxi4 gcc g+iA D
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Ma clexe hello.cpp A i 14 A v [

b hello.obj 15 A

c:\source\chapteri>cl.exe /c hello.cpp

Microsoft (R) C/C++ Optimizing Compiler Uersion 16.00.38319.01 for x64
Copyright (C) Microsoft Corporation. RAll rights reserved.

hello.cpp

14 N I'a clexe hello.cpp

2l e | izzE 28 | b |
‘-”j hello. cpp 2012/8/10 10:51 C+t Source 1 EB
] hello. obj 012810 1116 Object File 1 K
15 i hello.obj t
1.4 _ Ys
~ link @ P Y1 ) " p a
. ~ A ~ linker” W p A

Windowsl] link.ex¢ Linuxl4 Id A

Windowsl4™ y a  linkexe |[F hello.obj  w”
D I 16 A - " D~ 1.7

c:\source\chapterli>link.exe hello.ob)
Microsoft (R) Incremental Linker Uersion 10.00.30319.01

Copyright (C) Microsoft Corporation. All rights reserved.

16 n g linkexe hello.obj

2| e | izE E= Fool

cj hello. cpp 2012/8/10 10:51 C+t Source 1 KB

5 hello. exe F01Z/8,10 11:20 MREE 51 EE

'ﬂ hella. obj 20128110 11:1A Object File 1 KB

17 I hello.exe” L
1.5 , Hs

©run” 1 Windows I Dpexe
T Ya ~ CPU A 13"y D o T ~
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=5 : Yisual Studio Command Prompt (2010)

c:\source\chapteri>hello.exe
Hello, OpenCU!

c:\source\chapteri>_

p2)

1.8 n 6 X hello.exd ~ n L N
1.6 VisualC++ _ H
AT >
[ r N @ R
1 H @b~ n ° G
2 5 | T o9
3 D I v ) v
4 5 U Windows 7
FSy 7 Wa 0 ) ' @
) T s Me s @ v i p
0" w A
0  ~ Integrated Development Environmént
A IDE Visual Studio
VisualC#~ 1 1 Eclips@ NetBeana Delphi A
b W " 3b Y 7 We IDA
IDEW ~ A IDE W
a ¢ a ~ n B w AIDE
(i 1.9a 110 111 A
a DoIDET T ~ puildE C 1.117
© build’ LT VT build project = H IDEw”
link.exe " A R N
"~ debugger'A IDEw A 0 -

> > A
D L
A
i Ap
@
DE~ y "na
Visual C++
| VC
v L
% v
Do VT
cl.exe
p
A



1.7

i~ hello - Microsoft ¥isumal Studio (Administratoer) i ] 3

File Edit View Project Build Debug Tean Date Tools Test Window Help
S A R0 - - E-E b [Debug -| [#in3z || [reme_in -z
Pbou g a|esEEE s (@i E e EEEZ2 (000 A0 @m0l

Solution Explorer = I 3 PXARESESSIESTY

=Sz (6lobal Scope) | “¥nain0 =
g Selution ‘hells’ (1 p #include <stdio. h> +
B [Z]hello Sint main() -
(ad External Depend {l
[ |7 Header Files privtf (“Hello, OpenCWIlWn"):
] stdafx. b return 0;

ﬂ targetwer. h 1
[_d Resource Files
E 7 Source Files
€] hello. cpp =l
-

] stdafx.
A sidatrrr B0 |
| BeadMe. txt

Output

Show cutput from: |Build Al @ @B | x| =
17—---— Build started: Project: hello, Configuration: Debug $in32 ———-———

1Build started 2012/6/10 11:51:42.

12PrepareForBuild:

1> Creating directory "d'yulvisual studio 20104%Froejectsihello‘\Debugh”.
1InitializeBuildStatus:

1* Creating “Debugihello. unsuccessfulbuild” because “AlwaysCreate” was specified.
e

19 Visual Stdio i

JERt N S e

HIEIN
M
¥
mi

Z2|08QP3 w385

1.10 Visual StdioX

1.11 Visual StdioX

b

T 9 No No W @

pT" b 0 W @ pTA Wa o T
He P main() foo)A main(® B 6 main.cpp foo()® B G foo.cpp
man(@ T foo)P A Y6 @ o -

Y

T~

foo.cpp P~ 7 W

b

main.cpp ~ b foo)P v i foo() i
p TA3 v D'

cl.exe /c main.cpp

) b foo " 4wy foo = Wa b foo.cpp

s’ pT P o A  main.cpp T bw
I man.cpp foo.A w foo.h includée o A )

3

I —i
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1. foo()P

—OO— main.cpp
#include "foo.h"

int main()

{
int i=foo(3,4);
return i

112  main.cpp I

foo()
1.8 b
DT Wy A
2 foo()P ' X foo()P
= L a P b
1"y foo.cpp D~
b [ 4 A
(W - F o A
a b b
e w .
TP b Ne

{
oo
- t X foo() main.cpp X
D - W o T~ foo.cpp DT
= I foo()
[ n Aux [ W i
1.13” p w L - DT
p M# ~ b R
N G “a CHER
A ) [ T H S
A Y TG D )
1 H A

2. B int
foo(int i, int jj #

A

O

—oCL foo.h

int foo(int i, int j): ‘

foo.cpp
#include "foo.h"

int foo(int i, int j)
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ci

foo.cpp

main.cpp
main.obj foo.lib |
main.exe
113 e + el - A
1.9 OpenCV _ H
OpenCM W C C++ 0
Ao C o P
A"y "q v [
Qn Canny =~ 3 b
G OpenCV[ § ) N
T' cored imgpro& highgui A @

0

~

T

foo.obj

"
cvCanny()

T

opencv_core.liBopencv imgproc.li@opencv_highgui.lib ™

T b

A

b

v
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1.10 . H D a

C/IC++ T mainP ~ a argé argv W'

int main(int argc, char** argv)

int main(int argc, char* argv[])

n T~ argc D ~a @ " Y Ne ~ argvT
U= D & AX =& hello.exé D
- 1.14A ®© D W cd D ~ [ helloexe » ~

Dy
hello.exe Shigi Yu

H™ argc v 3 argv[0] "hello.exe” argv[l] "Shigi" argv[2] "Yu'A

ot C:A\TINDOYS\system32icmd. exe = |EI|5|

Microsoft Windows XP [fFZ3 5.1.2600]
(C) FRALETH 1985-2001 Microsoft Corp.

C:\Documents and Settings‘\Administrator>
C:\Documents and Settings\Administrator>hello.exe Shiqi Yu

n argc argv a

#include <stdio.h>
int main(int argc, char ** argv)

{
inti;
for (i=0; i < argc; i++)
printf("Argument %d is %os. \'n", i, argV[i]);
return O;
}
X 't q W hello.exe H

hello.exeabcde
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http://www.opencv.org.cn/index.php/Image:Hello-argc-argv.png

[

Argument O is hello.exe.
Argument 1 is a.
Argument 2 is b.
Argument 3 is c.
Argument 4 is d.
Argument5is e.

hello.exe lena.jpg

[

Argument O is hello.exe.
Argument 1 is lena.jpg.

1.11
T wF N\ A% b b A%
Ny Wo H ¥ H AF H 3Ny op
L EV H ° = A

hello.cpp(2): fatal error C1083: Cannot open include file:
‘opencv2/opencv.hppp’: No such file or directory

b [ p W Held ' We ) ) Q
) v [ 0O TA:o T ) Q v
opencv2/opencv.hpp Qu opencv2/opencv.hppA 5] Q
- b [ P~ 1 D v [ i TA
Visual Studio 2017 ~ " Project Property T
) At . B I VC++ Directorigs I Include Directoriels
T 1.15 A
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helloe Property FPages

Configuration: I)\ctive (Debug)

x|

x| Flatfern: [Active (Fin32)

LI Configuration Manager. . . |

H FEEEE

Common Froperties
[F Configuration Froperties

General

Debugzing

VC++ Directories

CATH
General
Optimizration
Freprocessor
Code Generation
Language
Precompiled Headers
Cutput Files
Erowse Information
Advanced
Command Line

Linker

Manifest Tool

ML Document Generator

Erowse Information

Fuild Events

Cuztom Build Step

=]

Executable Directories

Reference Directories

Library Directories
Source Directories

Exclude Directories

FOMCInstalllir)bin; § WindowsSdkDir Jbin\HETFE
i \Program Files\DpenCVZ. 3. l\build\vclﬂ-yu;l
$WCInstalllir)atlmfe'lib;$ (WCInztallDir)lib
C:hFrogram Files'OpenC¥2. 3. 1\buildhwelO-yutiy
$ (WCInstalllir)atIlmfetsreimic; $ (WCInstalllir
$(VCInstallDir)include;$ (WCInstallDir)atlnfe

Include Directories

Fath to uze when zearching for include filez while building a VOt project.
Corresponds to enwiromment wariable THCLUTE.

14

e s | EAw |

115 L

1.11.2 Q
T Q 3 W A 1.16 0 T~  imread
P imreadd W '
hello.cpp(9): error C3861: imreadd’ . identifier not found

2 [ imreadd i ' n

imreadd b[ 1 AX =& Ve P imreadd P b [~
A imreadd p 3 include [ pTA



hello. cpp 3

I [Global Scope) v| Wmain ()

—#include <sztdio.h>
#include <opencw?/opency. hpp:

1UZing namespace cw;
Slint main()
{
printf (“Hellao, OpenCVIn");

Mat imz = imreadd("lena.jpz"):

A

return 0;

!
SULE |

b b o

Output
Show output from: |Build '|| _g | .":'ﬂ _:'.b| ;_R | ﬂ
1= Build started: FProject: hello, Configuration: Debug Win32 —————-
15Build started 2012/8/13 14:25:33.
12InitializeBuildStatus:
1 Touching "Debugihello. unsuccessfulbuild”.
131Compile:
1 hello. cpp
123 vpuhwizual studie 2010%projectsihellothellobhello. cpp (8 error C3861: ' imreadd’ : identifier not found
1>
12Build FATLED.
1>
1>Time Elapsed 00:00:03.21
========== Build: 0 succeeded, 1 failed, 0 up—to—date, 0 skipped ==========

1.16 I imread H imreaddi D r
a b T A c Q
0 bn - (0) a vle ~a =N A W [ B
s B[ F BN A

s}
-3
€

>
-
I

] W P~y " p A T 78

1>hello.obj : error LNK2019: unresolved external symbol "class
cvi:Mat _ cdecl cv:imread(class std::basic_string<char,struct
std::char_traits<char>,class std::allocator<char> > const &,int)"
(?imread@cv@@YA?AVMat@1@ABV?$basic_string@DU?$char_traits@D@std@ @
V?$allocator@D@2@@std@@H@2Z) referenced in function _main

@ H v I unresolved external symbisl T .
main® Ta = imreadP ~ P C [ imreadA imread
OpenCV 2 ~ b  Aopencvhpp ©
@ imread® "y e [ R v 4 b [ imread

(" - F A

15



hello. cpp

| (Global Scopel vl Wmain ()
—j#include <stdio.h>
#include <opencv?/opency. hppr

[ 4] «

uzing namespace cv;
Slint main()
1
printf ("Hello, OpenC¥!in");

Mat img = imread("lena. jpg”):
return 0;

} -

W00% -~ 4 LI

Output el
Show sutput £rom: |Build IR =Y
1+ nello. Cpp ;I

13ManifestResourceCompile:

1% All outputs are up—to—date.
1%hello. obj © error LFEP019: unresolwed extermal symbol “class cw::Mat _ cdecl cw::limread(class std: basic_string<char, struct
1%hello. obj © ervor LFEP019: unresolwed extermal symbol “woid _ cdecl cow::fastFreel(woid #1° (?fastFree@cv@ETAXPANET) reference
1%hello. obj : error LHEZ019: unresolved externmal symbol “public: woid _ thizeall ow::Mat::deallocate(void)” (Pdeallocate@Mat@e
134 vputwisual studio 2010%Frojectsihello‘Debugihello. exe : fatal error LHE11Z20: 3 umresolved externals

1>

17Build FATLED.

1>

1>Time Elapsed 00:00:04. 94

Build: 0 succeeded, 1 failed, 0 up—to—date, 0 skipped

1.17 | L imread *

_ W v W p v | TAT B
I Linker- Inputl I Additional DependencigésT ~ 1.18 A

hello Property Pages ﬂil

Configuration: Il\ctiveﬂ]ebug) ;I Flatform: Il\ctive (#in32) j Configuration Manager. .. |
Common Properties opency_core231| 1ib; opencv_hi ghgni23;|
[l Configuration Properties Tenore #11 Default Litraries
Genera:!. Ignore Specific Default Libraries
J Debugging — -
| YO+ Directories Module Definition File
1 C/CH Ahdd Module to Assembly
[F] Linker Embed Managed Kesowrce File
General Force Symbol References
Input Delay Loaded D11
Manifest File Ly Leads s
Debugzing hzsembly Link Resource
System

Optimization
Embedded IDL
Advanced
Command Line
Manifest Tool
ML Document Generator
Browse Information
Fuild Events
Custom Euild Step

Additional Dependencies
Specifies additional items to add to the link command line [i.e. kernel3Z 1ib]

T By | mA® |

16



U D~ exe b~ H
Q@ p A o A
n n
#include <stdio.h>

#include  <opencv2/opencv.hpp>

using namespace cv;
int main()
{
printf(  "Hello, OpenCV! \n");

Mat img = imread( "lena.jpg” );
Mat gray;
cv:.cvtColor(img, gray, CV_BGR2GRAY);

return O;

K v P ¥ 1.19 Ny
D o ¥ H ° 1.20°A

Bicrozoft ¥ismal Studio

lInhandl ed exception at 0xTSEEd3Bf 1n hello. exe: Micrasoft C++;I
exception: ev! Exception at memory location Ox002deedd. .

Continue Lenore |

1.19

[N 4:‘\yulvisual stodioe 2010%ProjectsihelloiDebugihello.

Hello. OpenCUt

OpenCU Error: Assertion failed <{scn == i1 scn == 42 in unknown function,. file
C:“Program Files“0penCU2_3_1“modulesz“imgprocssrccolor.cpp,. line 2834

120 e

T

17



H T colorcpp b 2834 ; A

(scn==3||scn== A OpenCV [ H W b
n _A 9 Y BGR 'Eimg 4 i
"E grayA p img b 3 ~ 3b 4 A imread P
imread  "Eb u "E "  p (scn==3||scn==4) A
@ ¥ |k 1 lenajpg B~ [
cvtColo® ¥ A G -~ E = w”
® A
QT 6 - # A w ¢ Yi
- ¥ A W 0

A
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2 OpenCV.

OpenCV 1 Open Source Computer Vision Library W @ 9

A OpenCV A EY 0 0 Yy BSD ~ 0
Ty 3 To a ° Willow Garages OpenCV
L h AOpenCV 6 0 ‘E A Y i #

o 3 ovi A

2.1 OpenCV

OpenCV ¢ IntelA Intel A L W@ “aH  "HNed

v

CPU z” Y B Intel ” AOpenCV A

0 b Intel b A He ., ~ Wa Intel
“"Intel’s Performamcée Shinnheeer y1 Team
- IPP ~ 3 OpenCV As e ™ . Vadim

Pisarevsky Vadim Intel OpenCV an an n

b A Intel R™  Vadim Pisarevsky OpenCYA

2007 6 1 #¥Wb H ~ H Vadim Pisarevsiy av =

€ [ 0 (OpenCV) wlLT A=z EV

A

2008 © W 'E” ° Willow Garagé z OpenCV Vadim
Pisarevsky Gary Bradski ¥ ~ 3, Willow Garagé Gary Bradsk8  OpenCV
0O T "H . ~ 1 ¥ &LeaningOpenQVW i~ T A

Willow Garage W BT zeua, .0 )
p A 0= PR2 _° RO& OpenC¥PCL » AROS
Robot Operating Systém G b oW 9 D’
OpenC\b 4 ROS ~ A

A

C Willow Garage * OpenCV v A
¥~ OpenCV[~ W H A
W * 0b~ i A

OpenCV

2.2 OpenCV A

OpenCV  BSDV ~ W @ 1 A H- "y k
1 W * http://www.opencv.org.cn/index.php/OpenCV_Symposium
2 Willow GarageE™ " http:// www.willowgarage.com

19



OpenCV 7 ~" y OpenCV ~ | pT" "y °~  OpenCV

. o~ ao

) Y G 3 37y 6 A BSD\ bi [ D
I A pTa =2 OpenCV ab E 7 Aas~ y OpenCV
Akv b7 A W 1) T a =
OpenCV  :: OpenCV 1 A
@ \ W o3 Yy OpenCV k' “ 0 b
) R a 3 OpenCV  :: OpenCV V1 ~A
“" ya OpenCV rA Ty ~ OpenCV
1 G = D~ . [ OpenCM A

20



3.1 Lena
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w - 2
NI 3 A ¢ E s
- W CV8U "E . A
'E b T O uy
~ U 31 A
3-1 n Y
loo lo1 lon-1
l1o l11 l1n1
IM10 | IM11 IM-1 N1
li i jL E VA
"E D a A OpenCVT~ RGB 'E
3-2 A
3-2 RGB H Y
Boo | Goo | Roo | Bor | Gor | Roa
Bio Go | Ro| Bu | Gu | Ru

22
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3.2 Mat

OpenCV[~ a  Iplilmage CvMat "EA Iplimage
CvMat C A a H @ o y -
0 v p Ty p A @ 0 Y
W Y z G - OpenC\VT
~ 3, Mat A
v~  Mat N p Aa Mat ~ ab'P
z P tA R o wi D wi AP C++o
W b Fw" o 7 cC ~ = o
C++ P Iplimage CvMaf OpenCV[~
" vya Ipllmage CvMatP W' v P 7 t=Mat o A i
T o 3 Mat ~ b'P: Ipllmage CvMa#
Mat y W7 7 ‘
class CV_EXPORTS Mat
{
public:
nw
* flag a T~ "6 H ~
- Mat
*/
int flags;
I “Ov G G 2
int dims;
Ik L 2 " Hal v -1
int rows, cols;

Il
uchar* data;

1

I Ne " 1 9w NULL
int* refcount;

23



it i i

J%
3.3 = Mat
Mat W @ m "E 3 Ve STy -
b A -~ Wa Mat A
3.3.1 P
Mat Loy W | 2 "y B ~ Mat AlA
Waea P - o A
Mat M( 3,2, CV_8UC3, Scalar(0,0,255));
cout<<"M ="<<end [<<"" << M << endl;
W o9 - We - 3 ~4y 2 "E 'EH
8 B ~ T F e A E "E v A . w(0,0,
255A G OpenCV[ 4w BGR Wen "EA
TP F Mat o M "E v AMat Hu<< b
a e b "y B ¥ "E v© b a for @ E
FA
0 ¥ 33 A
M =
[0, 0, 255, 0, 0, 255;
0, 0, 255, 0, 0, 255:
0, 0, 255, 0, 0, 255]
33 2y
P t
., Mat:Mat()
a ’

Mat::Mat(int rows, int cols, int type)
o W rows | 4 col ¥ type E

Mat::Mat(Size size, int type)
= W sizé W type E

Mat::Mat(int rows, int cols, int type, const Scalar& s)

24



o ¥ rows | 4 col W type E ‘H A
4V S

Mat::Mat(Size size, int type, const Scalar& s)

o v Sizé W type E ‘H A . vwv S
Mat::Mat(const Mat& m)

m v - y b w "E L m

E :

Mat::Mat(int rows, int cols, int type, void* data, size_t step=AUTO_STEP)
o ¥ rows | 4 col W type E P be

"E p - a data p ~ E step

A
., Mat::Mat(Size size, int type, void* data, size t step=AUTO_STEP)

o v Sizé W type E P be E
b a data p -~ E step A
Mat::Mat(const Mat& m, const Range& rowRange, const Range& colRange)
o "Eu m W N& 1 rowRange colRange

v P 3b 'E L b~ "Eb m” E

Mat::Mat(const Mat& m, const Rect& roi)
- By m W N& 1, roi - P 3b

L b~ "Eb m” 'E A

P T | typeAtype’ Y CV_8UCICV 161 .
CV_64FC4 A 8U 8h ~ ~ 16S 168 = * 64F
64P " ¥ double 7 C T C1 W @

~

‘E C4  4da E oy A
A - CcVv_suc()e

Mat M(3,2, CV_8UC(5) ); I/l = w3 1| oy 4 5 E

3.3.2 create(P =

g% P Ty E 3 vya Mat create(P -
"EA create(P G b "EH | a Tt b p
b’ a b T ri P “ p Aag
oo ‘
Mat M( 2,2, CV_8UC 3); /I P - E
M.create(3,2, CV_8UC2); I p - "E

25



a create(P ‘E'E A VA

3.3.3 Matlab -
OpenCVZ t = Matlab 1 zeros() oneq) eyes(f
a 9 T a 3 B Ag P "E
~ aL wl
Mat Z = Mat::zeros(2,3, CV_8UC1);
cout<< "Z=" << endl << "t << Z<<endl

Mat O = Mat:.ones(2, 3, CV_32F);
cout<< "O=" <<endl<< """ << O<<end,

Mat E = Mat:.eye(2, 3, CV_64F);

cout<< "E=" << endl << """ << E<<end,
a0 T° ' typed CV_32F v |
A: ¥ 3.4 A
Z =
[0, 0, O;:
0, 0, 0]
0 =
(1, 1, 1;
, 1, 1]
E =
[1, 0, O;:
0, 1, 0]
3.4 Matlab ooy 2
3.4 "H
G "E 1 H W w 8U 4 8B ~ ~ 3~
16 32F *© oy uchad shorfd float QC++ T
A
E RGB E "3 @ A
7N w "E bWar © H H b'P



OpenCVT Vet "y W@ A OpenCVT 3 Vec
’ "TY H & H A

typedef Vec<uchar, 2> Vec2b;
typedef Vec<uchar, 3> Vec3b;
typedef Vec<uchar, 4> Vec4b;

typedef Vec<short, 2> Vec2s;
typedef Vec<short, 3 > Vec3s;
typedef Vec<short, 4> Vec4s;

typedef Vec<int, 2> Vec2i;
typedef Vec<int, 3> Vec3i;
typedef Vec<int, 4> Vec4i;

typedef Vec<float, 2> Vec2f;
typedef Vec<float, 3> Vec3f;
typedef Vec<float, 4> Vec4f;
typedef Vec<float, 6> Vec6f;

typedef Vec<double , 2> Vec2d,
typedef Vec<double, 3> Vec3d;
typedef Vec<double, 4> Vec4d;
typedef Vec<double, 6> Vec6d;

o 8U RGB "E ya Vec3b 3 float
Vec3A

cVec ~“va [~ b Qi H
Vec3b color; // color { W RGB
color[0]=255; //B No

color[l]= 0;//G Ne
color[2]=  0O;//[R  Ne

35 "E v Q

R 0 @E v~ @E v’
1| @ 'E "E A AOpenCV t =,

27
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3.5.1 at()P

P at() ’ T @E
Ho A9 3 at(P a A
uchar value = grayim.at<uchar>(i,j);
grayim.at<uchar>(i,j)=128; // i
"E A" vya W
Noz grayimy 1 3a colorind
v A

#include <iostream >

#include "opencv2/opencv.hpp”

using namespace std;

using namespace Ccv;

int main(int argc, char* argv(])

{

Mat grayim(600, 800, CV_8UC1);
Mat colorim(600, 800, CV_8UC3);

A ‘E T ‘E v
for(inti=0;i < grayim.rows; ++i)
for(intj=0; j < grayim.cols; ++j)
grayim.at<uchar>(i,j) = (i+j)%255;

A ‘E T ‘E v
for(inti=0;i < colorim.rows; ++i)
for(intj = 0; j < colorim.cols; ++j)
{
Vec3b pixel;
pixel[0] = i%255; //Blue
pixel[1] = j%255; //Green
pixel[2] = 0; //Red
colorim.at<Vec3b>(i,j) = pixel;

Il
imshow("grayim", grayim);
imshow("colorim”, colorim);

28
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waitKey(0);

return O;

- A E b a at()P Aag QP

‘oWt 4 EBLPLHY

fv-7RE _u-168) ~ 0.4 A:A R-168

359 at() 4 fq 2
3.5.2 g 2|
A C++ STL ™ W = n " jterator” g A 7 ~
Y B A '"H AMat3 v =3 1 " YBoe H A A
1 o w o W o 37 p cGa v 7 ° b a
| A Yy H i jT 7 E E v W W e A

#include  <iostream >
#include "opencv2/opencv.hpp"

using namespace std;
using namespace cv;

int main(int argc, char* argvl[])

{
Mat grayim(600, 800, CV_8UC1);
Mat colorim(600, 800, CV_8UC3);

A ‘E T ‘E v
Matlterator_<uchar> grayit, grayend;

29



for( grayit = grayim.begin<uchar>(),
grayim.end<uchar>(); grayit != grayend; ++grayit)
*grayit = rand()%255;

n A ‘E T ‘E v
Matlterator_<Vec3b> colorit, colorend,;
for( colorit = colorim.begin<Vec3b>(),
colorim.end<Vec3b>(); colorit != colorend; ++colorit)
{
(*colorit)[0] = rand()%255; //Blue
(*colorit)[1] = rand()%255; //Green
(*co lorit)[2] = rand()%255; //Red

1l
imshow("grayim", grayim);
imshow("colorim", colorim);

waitKey(0);
return O;
}
D ¥ 3.6 A

«» t 4 @BHLHI

(v-7Rh w=-TTIR) ~ B:I42 G:117 R:I07

colorend

grayend =

36 g 7] A 7 2
3.5.3
a_Iplimage R™ 1w a
b E P B8 EFE M Ne
b b Yi - F
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w ® - R F |
o .
v A A
b E A a(p 9
Y p b ~ W A
A I v
v a A ET v

o n Ar q n
#include <iostream >

#include "opencv2/opencv.hpp”

using hamespace std;
using namespace cv,

int main(int argc, char* argv(])

{
Mat grayim(600, 800, CV_8UC1);
Mat colorim(600, 800, CV_8UC3);

A ‘E T ‘E v
for(inti=0;i < grayim.rows; ++i)
{
[/ VI "E
uchar * p = grayim.ptr<uchar>(i);
1l [ @ 'E (byte) b
for(intj=0; j < grayim.cols; ++j)
pli] = (i+))%255;

A ‘E T ‘E v
for(inti=0; i< colorim.rows; ++i)
{
[/ E
Vec3b * p = colorim.ptr<Vec3b>(i);
for(intj = 0; j < colorim.cols; ++j)

{
p[il[0] = 1%255; //Blue
p[il[1] = j%255; //Green
p[l[2] = 0; //Red

}
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1l
imshow("grayim", grayim);
imshow("colorim", colorim);

waitKey(0);
return O;
}
D ¥ 3.7 A
[ioaia =lolx

%t 4@PPLOHY

7

(v-BRR =77\ ~ |1

%t 4@D L LHT

(v-R1E_y=70\ ~ .0 A:108 R:IQ

Mat L3, B E M Ag *
v b P L pA V v Mat
v b4 " M T b p ‘
A
3.6.1 9 A
0 W Wi~ ya P row) colAP 7
Mat Mat::row(int i) const

Mat Mat::col(int j) const

114

a i jNe L A 0FA i T Ya na

Mat line = A.row(i);

o 0F A i

€
T
o®
—<
N
<
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~

. Y o

Arrow( j) =Arow( i)* 2;

3.6.2 Range !
Range OpenCVT - He T star endA Range
Ty @ @ LA W [ start
[ end ~ starf P b~  endA Range y
class Range
{
public:

int start, end;

3
Range L /W e allj @ b MatlabT I L

LA

Il = Wael?b

Mat A = Mat::eye(10, 10, CV_32S);

N0 1[31" b I

Mat B = A(Range::all(), Range(1, 3));

/I 0 B 5 9 " b 9

I/ EG C= A(Range(5,9), Range(1, 3))
Mat C = B(Range(5, 9), Range::all());

—_
<

3.6.3

t "ET 6 Y M ~ Regionofinterest H

<1
D

I - w 3207 w 240 3 E
Mat img(Size(320,240),CV_8UC3);

Il roi img T Rect(10,10,100,100) VI
Mat roi(img, Rect(10,10,100,100));

L\ P Tva 7 W
Mat roi2 = img(Rect(10,10,100,100));

3" vya Range H I v

Il a
Mat roi3 = img(Range(10,100),Range(10,100));
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Il a o
Mat roi4(img, Range(10,100),Range(10,100));

3.6.4 0 "H
‘H " ya Mat dag® 0~ P y W
Mat Mat::diag(int d) const
a d=0 - 0 h ' a  d>0 - 0 h n
©d=l C bh W ¢ h W& d<0
0 h 3t A
row() col)P@ “diag(P 3 b 0 L b 3 0@1A
3.7 Mat
£ C+H * OpenCV X ~ = Mat A W
a a C++ - Q Matlab  ~ q i “3Bse
A
A B "t vya W '
C=A+B+1;
i A B H ¢ Py T C
i A
h  F Mat AN I\ Ta A B Mat
“a s Scalar ~ alpha doublev A
v ~ i 0 ' A+B AB A+3 AS s+A sA -A
Ov * A*alpha
"H é “  Amul(B) A/B alpha/A
& ' AB" & ° b "H o &~
AL
Nt Alinv()
* Acmpop B A cmpop alpha alpha cmpop A cmpop
Ty S > == 1 <= <A 5 v ~ 8U
- "H w 258 ¢ OA
B * Alogicop B Alogicop’s slogicop A ~A logicop
Ty & | "A
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H v v " min(A, B) min(A, alpha) max(A, B)
max(A, alpha

TH v ' abs(A)
1 * A.cross(B) A.dot(B)

(V)

n o v Mat a oo ¥ 3.8 A

#include  <iostream >
#include "opencv2/opencv.hpp"

using namespace std;
using namespace cv;

int main(int argc, char* argv[])

{
Mat A = Mat::eye(4,4,CV_32SC1);
MatB=A*3+1 :
Mat C = B.diag(0) + B.col(1);
cout << "A =" << A << endl << endl;
cout << "B =" << B << endl << endl;
cout << "C ="<< C << endl << endl;
cout << "C .* diag(B) =" << C.dot(B.diag(0)) << endl;
return O;

35



3.8 Mat_
Mat_ Mat e "1 y »W
template<typename _Tp> class Mat_ : public Mat
{
public:

Il = Hs3 @
Il H
I3
W @ T Mat
W a0

Mat M(600, 800, CV_8UC1);
fo r(inti=0;i< M.rows; ++i)

{
uchar * p = M.ptr<uchar>(i);
for(intj=0;j < M.cols; ++j)
{
double d1 = (double) ((i+))%255);
M.at<uchar>(i,j) = d1;
double d2 = M.at<double>(i,j);
}
}
0 "H T yi 0
&) bA QI <ucharx . v
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n T T a) b H

a = double A

bw A
(i,))P H ~ TP
a # ’ - FI
. Y A
a Mat. ~ H Ty 1
b'P "H “v4a 9 [ V-
Mat_ o n o R
#include <iostream>
#include "opencv2/opencv.hpp”
#include <stdio.h>
using namespace std;
using namespace cv;
int main(int argc, char* argv(])
{
Mat M(600, 800, CV_8UC1);
for(inti=0;i < M.rows; ++i)
{
I o
uchar * p = M.ptr<uchar>(i);
for(intj=0;j< M.cols; ++j)
{
double d1 = (double) ((i+))%255);
1 at() QE °
M.at<uchar> (i,j) = d1;
I 9 } a  at<uchar>()
/I p bw
I b T d2b 6 dl
double d2 = M.at<double>(i,));
}
}
I "H

Mat_<uchar> M1 = (Mat_< uchar >&)M;

for(inti=0;i< Ml.rows;
{
II'b "H T2

++i)

- a()P



uchar * p = M1.ptr(i);
for(intj=0;j < M1.cols; ++j)

{
double d1 = (double) ((i+})%255);
I a_ Matlab “H Q
M1(i,j) = di;
double d2 = M1(i A);
}
}
return O;

3.9 Mat P

a Mat "~ p i 1~ b'P'EqIplimage
p A b Mat p L- 3 G Mat a
L Mat p T v WP b=
Mat Wae ~ H @ No ' " N
O H =~ W O E v v 3.9
v P yw E b b -
@ A L v
L A
Wy _ D ~ OpenCVa = Al
Mat H “pP @ Mat Y W @
W W A B yi (<2 o
;L H -~ b L A
s [ T - Mat A Mat
H W 4@ Y ¥ 4da o A
Ue * refcount @b ~ 39 A
Y A

38

G >



3.10

A

39

int 1;I.<';1gs
int | dims
int | rows
int | cols
uchar* | data -
int* | refcount )
HEEREEENE HERR
| <
39Mat X Y i refcount & i a4y [ int €
I
"6 @ W v 1 @?" '
Mat A(100,10, CV_8UC1);
Mat B = A;
Mat C = A(Redi0,50,30,30));
n T 2@ Mat ~ Nez A W )



B i
/
C
310 Ry [ |
3.10 ¥
cfF o T 7y [ Mat v<<bh Ty B g b
¥ p A S/ B 3 Matlab T ¥ A
" © Mat3 i ¥ An 7
M- Wa - "HA "H randu(P H @
a 22 O 7 . 6 O 2554 A

Mat R = Mat(3, 2, CV_8UC3);
randu(R, Scalar::all(0), Scalar::all(255));

F a0 W
cout << "R (default) =" << endl << R << endl << endl;

~

¥ 311 A

R <default> =
[21, 2, 79, 179, 52, 285;

236, B, 181, 239. 26, 248;
287, 218, 45, 183, 158, 1811

311 2
Python F 9 7

cout << "R (python) =" << endl << format(R,"python") << endl|
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<< endl;

R (python>»> =
CCC94,. 2. 791, [179. 52. 28511,

[[236. 8. 1811, [237. Z26. 24811,
[[2687. 218. 451, [183, 158, 1681111

3.12 Python e
Y " Nee F o W
cout << "R (csv) =" << endl << format(R,"csv" ) << endl
<< endl;

R (czul =
91, 2, 79, 1Y9,. 52, 285

236, B, 181, 239, 26, 248
207, 218, 45, 183, 158, 181

3131 4@ 2
numpy F o9 I
cout << "R (numpy) =" << end| << format(R,"numpy" ) << en
<< endl;

R Cnumpuy? =
arrapt[[[?1,. 2, 791, [179. 52. 28511.

[[236, 8, 1811, [23?, 26, 24811,
[[2a?, 218, 4%1, [183,. 158, 181111, type="uint8'>

3.14 numpy 2

C F o9 W

cout<<"R (c) ="<<endl<<format(R,"C" )<<endl<<
endl;

R <c =
<91, 2, 79, 199, 52, 285,

236, 8, 181, 239, 26, 248,
287, 218, 45. 183. 158, 161>

vMat T ya <<~ F i 3

Point2f P(5, 1);
cout << "Point (2D) =" << P << endl << endl;

41

<< FA

dl



Point <2D> = [5,. 11
316 ¢ e

Point3f P3f(2, 6, 7);

cout << "Point (3D) =" << P3f << endl << endl;
Point <3D> = [2, 6. 71

317 R g

3.11 Matb Iplimage

CvMat
OpenCV I = B Mat ~ FG * OpenCW
C o Iplmage CvMat A a& by [ 7 1 °
w 1 Mathb Iplimage CvMat A
3.11.1Mat 4 Iplilmage CvMat
X A WeyffQ P P Hu'
void mycvOIdFunc( Iplimage * p yoeed);
B a Iplimage A Mat wu Ipllmagé ~ Yy )
~ v b ~ v
Mat img(Size(320, 240), CV_8UC3);
Iplimage ipl img = img; Il w Iplimage
mycvOIldFunc(&  ipl img, ...); I ipl img ©
4 CvMat b 3
CvMatcvimg =img; [/ 4 CvMat
# ) * Ipllmage CvMatb Mat”™ W
Ipllmage CvMat wo 2t T imgT ”
iplimg  cvimg3 Y A b~ Mat |- A
3.11.2plimage CvMat W Mat
Mat H @ B -y Iplimage CvMat [ Mat A H
QP Waea copyDath copyData v falsé H Mat b Iplimage
CvMat” W ' v  true’ Matw p - Iplimage
CvMat L[ Mat VA
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" Mat3 bwa
A i A a W true

Mat::Mat(const CvMat* m, bool copyData=false)
Mat::Mat(const Iplimage* img, bool copyData=false)

° 1 W
Iplimage * iplimg = cvLoadimage("lena.jpg");
Mat im(iplimg, true);
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4.1 Q "E b
'"E p “p "7 Ya imread(P '  Mat Y E b
Q" p " yYa imwrite()P A

4.1.1 ‘E b

imread(P Mat  ~ 0 » R W@ v
4 Mat::data v NULIA imread(H ~ ) w "7 R
" ya Mat:empty(P A imread(P "

Mat imread(const string& filename, int flags=1)

a filename 0 G = imread(® T~

flagd v

flag>0 £ 3 E N ‘E o |
Bt w L w3

flag=0 7 | E ‘E b E g
W Loy

flagsO t b E A

imread(P ) TOF
1] ) b 1]

~
V)
¢

WindowsP p -BMP, DIB
JPEG » -JPEG, JPG, JPE
B -PNG
B 'E -PBM PGM PPM
Sun rasters SR RAS
TIFF o -TIFF TIF;
OpenEXR HDR - EXR;
JPEG 2000 - jp2A
) OpenCV bW 3t R 5]

44



7 OpenCV ¢ 3 ") i A
4120Q "E b

"EQ” o~ " g imwrite(® £ 7
bool imwrite(const string& filename, InputArray image,
const vector<int>& params=vector<int>())

) filenamed ) A a PNG »
A BMP P W b > ' JFEG
) T p JAG A~ wx W H APNG A v
a A
imwrite()P 22 @ 0  params Y ) W H A
@a v ) T
JAEG E R t O 100A v E
- p 3 A v 95A
PNG A £~ 0v L O 9A v p
P4 3 A v 3A
PPM PGM PBM P YH L O 6vu
0 1A Ovu I 1 yr L OA v 1A
b Mat "y w E p” | 78U
v 3 h 4 BGR ' G 16U E 7
a PNQ@ JPEG 2000 TIFF A [0 G wu 'E
p~ " Y& Mat:convertTo@® cvtColor(f W' Y G
A
3 TG p D T imwrite)P b w
: Y oA
1 o v oy T We E "E Canny b

G [ E oTA
#include <iostream>
#include "opencv2/opencv.hpp"

using namespace std;
using namespace cv;

int main(int argc, char* argv[])

{
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n T E H wi E
Mat im = imread("lena.jpg"”, 0);

W w

if(im.empty() )

{
cout << "Can not load image." << endl;
return -1;

}

Il Canny b~ G result

Mat result;

Canny(im, result, 50, 150);

I G

imwrite("lena - canny.png", result);

return O;

lena.jpg ® - D * lenacanny.png v ¥
A lenacanny.png "E 41 ~  lenajpg 0 A

41Llena fj i
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4.2 Q

OpenCV Q HE @ R ~ codeCA "E
p” uT Y D E Ap b [
pTA ' Opencv w | - avi p” OpenCV
v b A
h A _ AA4 H W ~ coder” A
H Y ~ deooder” Y Y "~ code¢ A
) Q" A -
MJP@ XVIGA DIVX ~ ! G FOURCC 3A )
~avi ” 7 W @ p A
OpenCVZ ! 3 H @ QA VideoCapture
Q VideoWriteA
4.2.1
VideoCapture ~ Y € p O "E 3 vyt E O "EA" Y
a B ) "E A VideoCapture -
~ 37 ya VideoCapture:open() ~ VideoCapture::open® w -
VideoCapture::release) ~ @ ” P A
W 7 ya VideoCapture:read® AVideoCapture 3 >>
b " w Al D 3 VideoCapture
A

#include <iostream>
#include "opencv2/opencv.hpp"

using namespace std;
using namespace cv;

int main(int argc, char** argv)
{
) Wwae 'E
/IVideoCapture cap(0);

Il )
VideoCapture cap("video.short.raw.avi");

3 " http://www.fourcc.org/codecs.php

a7



Il w
if('cap.isOpened())

{
cerr << "Can not open a camera or file." << endl;
return -1;

}

Mat edges;

Il = 0

namedWindow("edges",1);

for(;;)

{
Mat frame;
et capT W ~ [ frame
cap >> frame;
1l [ 'E
if(frame.empty())

break;

1l [ ‘E w4
cvtColor(frame, edges, CV_BGR2GRAY);
1l 0 b
Canny(edges, edges, 0, 30, 3);

1l

imshow("edges"”, edges);

1l 30 ° 2

if(waitkey(30) >= 0)

break;

}
% w - cap T\
return O;
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fv=710 w=2Y — | -

42 ’
4.2.2 Q
a  OpenCVe 3 17 b b "R -
N S > v - A
a @ " Y CV_FOURCC(M,J,P'3G0V_FOURCE(V, T, D)i
CV_FOURCD(I'V,'X) A a - D i
T A
"EQ” " vy a VideoWriter:write(® - VideoWriter T 3
v<< b T g B As QT E b -
WA
1 o v v Q pA W @ P~
P W o 1 :: a I 15y " 100 A
43 A

#include <stdio.h>
#include <iostream>
#include "o pencv2/opencv.hpp”

using namespace std;
using namespace cv;

int main(int argc, char** argv)
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/Iy

Size s(320, 240);

Il = writer ~ FOURCC FPS a

VideoWriter writer = VideoWriter("myvideo.avi",

CV_FOURCC('M''J''P''G", 25, s);

1l W e

if('writer.isOpened())

{
cerr << "Can not create video file. \ n" << endl;
return  -1;

}

I

Mat frame(s, CV_8UC3);

for(inti = 0; i < 100; i++)
{
1l ‘E
frame = Scalar::all(0);
I [ %
char text[128];
snprintf(text, sizeof(text), "%d", i);
1l [
putText(frame, text, Point(s.width/3, s.height/3),
FONT_HERSHEY_SCRIPT_SIMPLEX, 3,
Scalar(0,0,255), 3, 8);
1l "‘EQ”
writer << frame;

}
I % v 7 D
return O;
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