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OpenCV o3 Linux o3¢ 026a0¢ § 0ooe 350¢ FBessé 6320050 packages gp: 00500 op¢

golsﬁ C\CP)G’Q(S oaé [Opel7g
1. GCC 4.4.x or later
2. CMake 2.6 or higher
3. Git
4. GTK+2.x or higher, including headers (libgtk2.0-dev)
5. pkg-config

6. Python 2.6 or later and Numpy 1.5 or later with developer packages (python-dev,
python-numpy)

7. ffmpeg or libav development packages: libavcodec-dev, libavformat-dev, libswscale-

dev

8. [optional] libtbb2 libtbb-dev



9. [optional] libdc1394 2.x

10. [optional] libjpeg-dev, libpng-dev, libtiff-dev, libjasper-dev, libdc1394-22-dev
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1 $§ sudo apt-get update
2 $§ sudo apt-get install build-essential
3 $§ sudo apt-get install cmake git libgtk-3-dev pkg-config libavcodec-dev

libavformat-dev libswscale-dev

o)oq& 2.0: OpenCV :390808 C\OPG’B(SGCD’J packages qpz que@é:n

1 $§ sudo apt-get install python-dev python-numpy libtbb2 libtbb-dev libjpeg-dev
libpng-dev libtiff-dev libjasper-dev 1libdc1394-22-dev

o)oqcc:: o.J: OpenCV 390805 optional packages qp: qo\lg[_gjézu

0.3.) apt[gSondeol(gés
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r-° qg Gl.]m T @

$ sudo apt-get install libopencv-dev

0.2.0 Source ¢ build c»S(gé:
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eu?or%c\) cuor%eﬁ OpenCV agegoql msﬂcc:: or% q oof)aocczcxoP ol OpenCV for Linux/Mac
(https://opencv.org/) ogcc: §op eﬁc{?wéu o%g; §) Q0260 Zip (?983;0: Archive Manager o?ej
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L L


https://opencv.org/
https://opencv.org/

Q. LINUX ogé oof)aocc:[_gj& 9
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$ cd -~
$ git clone https://github.com/opencv/opencv.git

$ git clone https://github.com/opencv/opencv_contrib.git

Qﬁe@qoogf: qcoo:npé folder o opencv @o%aa@é on% G@GPDSLD :Jgosej build agLoaé folder

Q c 9, og Cj QQ, Q. ¢ $A c, o d ons: Q05628
CD(DQL (.9:?0%@’3 (.I?C({I’_)o GEU)Q O\)@o@geQ§ 6322000 O)OGlCe O.’\) Gﬂ comman ({I’_)o Qmegn

Shared libs 03 unset co039|€E Ol 0 &: 0.¢ § option 03 cOS&E 2051
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cd ~/opencv
mkdir build

cd build

w
®H B L P

cmake -D CMAKE_BUILD_TYPE=Release \

-D CMAKE_INSTALL_PREFIX=/usr/local \

w

6 -D OPENCV_EXTRA_MODULES_PATH=~/opencv_contrib/modules

mq& 2.9: OpenCV 099 build C\?(S@éﬁll

1 -D BUILD_SHARED_LIBS=0FF

006/ E: 0.6: Static libs [gjopd(g&ai

com cotadE:s @oa S 33l 0682 0.6 3303&: build C\)f)j install codeaSi 0nds0é
5 At il b b 82 q ° '3 L-° T 8 T 83
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L

1 $ make

> $ sudo make install

mqé: 0.6): OpenCV 099 install C\?(Q)@égll

1 $ pkg-config --modversion opencv
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o)oqcc:: 2.6: Opencv oo:glcc::or% ®o°>[§<°::n

0.3.6 GCC I CMake o3(g¢ a203:(g|[g¢:
OpenCV o3 :Jf?zsﬁ FOgudeds §é:9’3 CMake (g€ a35(g: [§So0pS [Opel7l]i CMake s& o Ced:
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0006 e@@ez PG §¢ 0000 O wooﬁ @:Dpj QG CI0DY $9§D GQOIFID ©B00
c (o] C .. (o] < Co O C Qo ¢ c o
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B

C C N c . (o] c [o] C c 9
®qC: 2.9 03¢ G(S’D[g 000:20p0  Displaylmage.cpp 0200 00§68 GO0 ¥S05:
C\%(f)ecu@":)ac 51 Displayl S fold 9 oo & 03659005¢

Sodepdil (G:0py 323l Displaylmage 0poop) folder 0009 ggj 00S 0pC 30653000
o ¢ c
QeloaTetebll

#include <stdio.h>
#include <opencv2/opencv.hpp>
using namespace cv;
int main(int argc, char** argv )
{
Mat image;
image = imread( p & D¢
if ( !image.data ) {
printf ( E
return -1;
}
namedWindow ( , WINDOW_AUTOSIZE );
imshow ( , image) ;
waitKey (0);

return O;
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Qﬁe§ep ogc°: thiri.jpg 390306 path ©> ”/home/yan/thiri.jpg” @5)@: oacc:(L) gopa S folder |

o

o ¢ o ¢ © < (o] (o] < . < C N
username O)?g (Y?(Dg&)@ path CY? 390)’33@%8 Gl@@ll imread DD& CD@SG@’JC:

o]

o2 L C e < < (o] t < < 1 o < <
OoC\?OO:D& (.L) O? (.90030@“ ?U)(D argumen @@&D@ 419’_) (TJ’_)C\)O(e (.9006& (O8]

o

n "GO

C\%@ES @OSOO@II 0 9(%0’](7) 3’9@"_ saeéz G@OESQ Gdg@éll (?(T% @OSG‘j 661 (5]0’) message

o'_8o ®

Q Q < Q Q NN . o o o O Q <
GL]CD@Gj Selepiebeiision) @@@ol (QOOGj GS@OC@C (5](7) imshow o?:x?osj QM O?OO@G&
@533 Si o6& CMakelLists.txt 32005 3E0S 630050] ©06Cs 0.6 303C: V&350

* Q : R QCO? §|Ce ©. 2¢3 0§00
cmake_minimum_required (VERSION 2.8)
project ( DisplayImage )
find_package( OpenCV REQUIRED )
add_executable( DisplayImage DisplayImage.cpp )

target_link_libraries( DisplayImage ${0OpenCV_LIBS} )

mqé: 5.6: CMakelLists.txt

¢ o _ ¢ < [o] C O C ’] o o d o o . l c
Qﬁogc C\?Q]C:D& OGDOq@ O? c320000 quo O.@ ﬁl comman QIOOG’Q’.)O termina OgC

coc

0 eRa.MS Q_ .Q _o0o0¢

GJ(D@CS@(; “iO)C\?O 61 &L I run @@&C Oogll
$ cd DisplayImage

$ cmake

$ make

$ ./DisplaylImage

mqé: 0.@: Displaylmage oro? CMake @5 build C\Pf@ run [§c°:su

pkg-config

CMake 03 ©23:0 pkg-confi @cc: 96 E3 2.00 330382 build cof)j 005 run &E205
T r° pKg SIS q e e T 8 P_D," L P_D,

$ g++ DisplayImage.cpp pkg-config --cflags --libs opencv' -o DisplayImage

$ ./DisplayImage

mqé: 2.00: Displaylmage or% g++, pkg-config or%@é build C\Pésj run @83"



0 yan@yan-VB-U64: ~/Source/Displaylmage
yan@yan-VB-U64:- rce$ c¢d DisplayImage
§ yan@yan-VB-U64: J $ cmake
-- The C compiler identification is GNU 5.4.0
The CXX compiler identification is GNU 5.4.0
Check for working € compiler: Jusr/bin/cc
Check for working C compiler: /fusr/binfcc -- works
Detecting C compiler ABI info
Detecting C compiler ABI info - done
Detecting C compile features
Detecting C compile features done
Check for working CXX compiler: jfusr/binfc++
Check for working CXX compiler: fusr/bin/c++ -- works
Detecting CXX compiler ABI info
tecting CXX compiler ABI info - done
Detecting CXX compile atures
Detecting CXX compile features - done
Found OpencV: /fusr/local (found version "3.2.0")
Configuring done
-- Generating done
-- Build files have been written to: /home/yan/Source/DisplayImage
yan@yan-VB-U64: ] € ylayImage$ make

]
] Linking CXX executable DisplayImage
] Built target DisplayImage
:~/S c age$ ./DisplayImage

O 0.0: Displaylmage oé’qoqé & qmo§ o> terminal :]§\8 o])éog @oocz :)Jp_Su
L L L 5

Shared lib 3302 g0 6§ :)39_:5 error qé cgjf: /etc/ld.so.conf.d/opencv.conf UIJL:Dpé (%5390:

Q oQ. © 9. 0¢ S
©300001 3209PC: VHOI JCORVII

$ sudo nano /etc/ld.so.conf.d/opencv.conf

< (o] C C < <
@833@ (399’] opencv (Y? OO00C (I)’.)SOD@ G§q9 GOT EIEOO@ Gj

/usr/local/opencv/

Q Q

3%@0?0)

/usr/local/lib/

o) f Q @ [TR ) Q Q *l d . t inal c o ¢ <
(Te opencv.con (TO)C @@@II (IBG:?’.)(T) 3200001 command 3228 termina OgC GD(TJ(I) o
OCQZOD C”

REPRX

$ sudo ldconfig
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0.0.9 Qt(g¢ aadg[ges

3;:)? Q3e200 IDE ooo°33L> @o%:)aé Qt §c§ OpenCV 093 :39:)9 @L@& 3’96@088 CeHRE eén Qt

(703 (D'j OO(S@OCQZ S S ’] S, Q mm nd ° ot rm|n l cOo ¢co¢ [
L G]_ ”_G] 61§ G320000 quo 32.00 ﬁl Cco a Qipoq? e a OgCGJ(Y)&LCQJ@“

1 $ wget http://download.qt.io/official_releases/qt/5.9/5.9.0/qt-opensource-
linux-x64-5.9.0.run
> $ chmod +x qt-opensource-linux-x64-5.9.0.run

3§ ./qt-opensource-linux-x64-5.9.0.run

chc:: 0.00: Qt orcg’ Linux ogé ndsoé [§<°::u

o@e@o% :39@93 C\%S’D(SGCD’.) g++ 1 font configuration | OpenGL qps §op sﬁ 6320050

C oc < c oc¢ <
®O€1C8 0.0J 390303 C\?OG@OOC c?CZD&II

sudo apt-get install build-essential
sudo apt-get install libfontconfigl

sudo apt-get install mesa-common-dev

©“ ¥ H &

sudo apt-get install libglul-mesa-dev -y

C C Q C C
0306108 0.0JI Qt 390800 39@38 C\?S@OGOD’J packages szqog @CZII

sl @z&m e‘ﬁza&sem OpenCV $080 ooo%@Lor(% o)cf;:oaf)qf? Qt or% gcf:eén New Project
(9]

or% $§ej Non-Qt Project g?cf: Plain C++ Application 02 choose @é ((‘:) o



Qt Creator (Community)

h E umm
E Wi New Project Open Project

eleome
B y (%] New Project
Edit Examples

Choose a template: All Templates

Tutorials Projects Plain C Application

A I~ imple C++ application
Plain C++ Application

Application er gqmake, CMake, or Qbs to
Library

Other Project

Non-Qt Project
Import Project

Files and Classes

New to Qt?

Supported Platforms: Desktop

Get Started Now

Cancel Choose...

o . Ot o iect 0203 vSoads
(e O.J. Q %C new projec (TJO)@L(TB (9§O’De[§coll

Project Location 390305 DisplaylmageQt o)oo@é sge[a_geozl folder {g@ ngsnog @[Q_Sn
. C QC < . . N <
Build System o3¢ gmake 3207¢C: coo:epdll Kit Selection ogccopds Desktop Qt 5.9.0 GCC
. oc oc < cocQ . c oc <
64bit 3207C: 003SC 20poIl Next co0&0 ej Project Management ogC None 320)C: 002200l
03e§005 Project 6320056 Sources § main.c € 63200501 #96E2 0.00 § 0§0g 6 303E:
268 j 9 §| main.cpp o3 §C2 .93 4] 0080 3OC:
eq:eén
1 #include <stdio.h>
> #include <opencv2/opencv.hpp>
3 using namespace cvV;
4 int main(int argc, charx** argv )
5 {
6 Mat image,bw_img;
7 image = imread( "/home/yan/thiri.jpg", 1 );

8 if ( !image.data ) {

9 printf ("No image data \n");

10 return -1;

1 }

12 namedWindow ("Original Image", WINDOW_AUTOSIZE );
13 imshow ("Original Image", image);


https://github.com/yan9a/opencv/tree/master/img_Qt

1

Q. LINUX 088 008905@88 00

cvtColor (image, bw_img, COLOR_BGR2GRAY);
namedWindow ( , WINDOW_AUTOSIZE );
imshow ( , bw_img);

waitKey (0) ;

return O;

Co .o Co O C Co Co o o <
®O€v300.09.(3CfNDQC? @COE}é]SQEQLSQ@EE% GE}DCoGOoGODO()ﬁCXq@H

Q C

Qﬁ o%oqe eple (3099 @o%ﬁ qwé 33l cvtColor o3 oqﬁ 33@[ @eéz (g @5@3@08

L
N C < . ¢ OoCc O N N N ocC
e@oc::n@u oou$ DisplaylmageQt.pro 0poopy GCop ggej 630050 ©26)C3 0.0G 3F0DCS

Q Q Q S <
E%@GS?DC OO YgRR ol

TEMPLATE = app

CONFIG += console c++11

CONFIG -= app_bundle

CONFIG -= qt

SOURCES += main.cpp

INCLUDEPATH += /usr/local/include/opencv

LIBS += -L/usr/local/lib -lopencv_core -lopencv_highgui -lopencv_imgproc -

lopencv_imgcodecs

chc:: 0.0G: DisplaylmageQt.pro

[§°e 505 00 é:raowun@ccﬂméo 3203¢: 238e 06 s 83;@ 30053 OQP:
C§ Q0§ ° 22 2 O pCs O8] §C8 |G IL 22 QP

o;ogo chbgCB OJD@E%H
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Debug

Projects
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Code::Blocks (¢ aa0d:[g[3€s

OpenCV C/C++ oe‘ﬁoqé QP2 eqzaao:q$ :39080% Code::Blocks ax%oap_s open source C\)p_Sz@ocnl
free c\)p_S: c0se200 IDE §(°:o§:>? @éeéu o?g IDE oaé extension qps 39@@005 39@03 Gﬁ@ﬁl

C

QO _¢ro ¢ . c co¢C c N c C C C
oaoo[(__uq[m configure QOPO: CYOSC 2OPY 3IOROD ICRG GICO®IE GID IDE ono9 @owgn

L
< c o

Code::Blocks IDE 099 onds0é eﬁ terminal 035 o:oqcc:z .09 :390%(0:3 s‘joooog &Ewén

$ sudo
sudo
sudo
sudo

sudo

®H B L L B

sudo

S, L
apt-get install build-essential
apt-get install libgtk-3-dev
apt-get install gdb
add-apt-repository ppa:damien-moore/codeblocks-stable
apt-get update

apt-get install codeblocks codeblocks-contrib

©0q)E: 0.06): Code Blocks 030s0&[gC:i

o

Code::Blocks 03 05680¢ (G003 @28l 2303 9Ea305(G: & 0.6 0p¢ (gooos 2003 File menu

(o]
e L ° L L
(o] <
L

— New — Project... 2300005 Start here Selovleb) tab ﬁ Create a new project o5 %835
Lo L ° L L

c o (e] C

aap_SH @:wé 3l GOTQ)’JDD[Dé oC:3: orgé project 32q|:3200: oaoo@o%q% OpenCV project

L



2.9. LINUX 088 005905@8: Q

Q oR: G 0 0o¢Q ¢
O?Ggo@o O(YB?OG&II

T e Qm %)

Management
= Start here 3
'|Projects | Files |Resot *|

& workspace

”d_,\;-' Create a new project g{ Open an existing project ‘2 Tip of the Day

it the Code::Blocks forums Report a bug or request a new feature

New from template

Projects Category: | <All cXegories>
Build targets

Files ‘

Custom
User templates ' GTK+project

Irrlicht project j QT4 ppdject s

SDL project T E &

@Valgrind ®

L

T
PowerPC Project,

7
2=

Lightfeather project] {Sls= eIyl {cias

% [=2 U View as
. ¢ 3 @® Largeicons
MCS51 Project OpenGL project SFML project v
O List

TIP: Try right-clicking an item

1. Select a wizard type first on the left
2. select a specific wizard from the main window (filter by categories if needed)
3. Press Go i

Starthere T —————— e e e TS =
8 0.6: Code::Blocks IDE 03¢ OpenCV project 33200 ©§03:@l

N O O¢ C c C QCc C N C c

[Be00pd 323l Next 03 (8 veeqpqied @6p5 & 9362008 esep Pz 2005905 ©pdI

ocog,eﬁoqg Compiler orcg) GNU GCC compiler or% (L) 2.9 390%8: Ggs@: Finish or% $5@é||



09 399%

OpencCV project

Please select the folder where you want the new project
to be created as well as its title.

Project title:
[(bimgl

Folder to create projectin:
/home/yan/code/

Project filename:

OpenCV cr

Resulting filename:
/home/yan/code/cbimg/cbimg.cbp

< Back Jﬁ __Cancel
(a) §oepSaCesep 2005605(gcs

OpencCV project

Please select the compiler to use and which configurations
you want enabled in your project.

Compiler:
[lsnu e compiler |-

E:reate "Debug” configuration: |Debug
"Debug" opticns

O pe n CV Output dir.: bin/Debug/

Objects outputdir.: | obj/Debug/

E:reate "Release” configuration: Release

"Release” options
Outputdir.: bin/Release/

Objects outputdir.: |obj/Release/

| <Back Cancel

(b) Compiler oao%gao%@&u

8 0.6): Code::Blocks 03¢ OpenCV 3a%:(g|[g<: 3@s0¢s0¢H

B3:al v&B: & G 0GP0 ) OpenCV Sap: &6 BmSmé
3291 0§03 §)§ QOOEID OCEPQIOD OgC @2 Upe MP3QPs §&¢ RNSR

o

L

C c o c N ocC c
@c@s 2000 33l o 2.6 §C @0§/Cs 2.0 303Cs 6OREEPOlI

20200236207 lena.jpg 0930'] eogﬂeén Header 390805 “#include <opencv2/opencv.hpp>” 02


https://github.com/yan9a/opencv/tree/master/cbimg

1

2

Q. LINUX ogé 008905@88

main.cpp [cbimg] - Code::Blocks 16.01

‘F B 8 <« B QRT3 o Debug sl wosz L3
i <global> &
[ t
anagemen Em——
Projects |Files Resources Symbols [T #include <opencv2/opency.hpp>|
v OWorkspa(e z using namespace CV;
x ‘chlmg 4 int main(int argc, char *argv[])
5
7 B sources 6 Mat img - imread("]ena.jpqg", CV_LOAD_TMAGE_COLOR);
| main.cpp 7 if(img.empty())
v B 8 return -1;
Others 9 namedwindow( "lena", CV WINDOW AUTOSIZE )

lenaj 10 imshow("lena", img);
j iPg 11 waitKey(0);

12 return 9;

o C C NN
(L) O.G. Source §QI%§93908 @[@C 0)@8330@0‘3"

#include <opencv2/opencv.hpp>

using namespace cv;

int main(int argc, char *argv[])
{
Mat img = imread("lena.jpg", CV_LOAD_IMAGE_COLOR);
if (img.empty ())
return -1;
namedWindow ( "lena'", CV_WINDOW_AUTOSIZE );
imshow("lena", img);
waitKey (0) ;

return O;

mqé: 2.06: Code::Blocks saogorc) $6§2 OpenCV oecjoqéu

Build Options qp:2005¢05(g¢:

°J

Project Menu — Build Options... 093 %8@ Search directories tab — Compiler tab ogcc: (3 0.9

303 Jusr/local/include o3 Debug && Release 029032 320005 2005605 8&20
r-° L g ?e ‘? 11’ 08 ? L

<

@II



G < q < Q
0 399§2 O. 0O30Mm

x Project build options

cbimg Selected compiler
Debug GNU GCC Compiler -
Release

4| Compiler settings | Linker settings Pre/post build steps | *
Linker Resource compiler

Policy: | Append target options to project options s

Jusr/local/include

$ 0.q: Compiler Search directories g:2005005(gCsi

@::Dpé 39| 6020 6501 Linker tab 088 (L) 2.0 sraor%és lib qp:cgﬁ mé:e@o&: /usr/local/lib
o C C N < C CL. k . b C o OC‘O L klb . o o
0 005000 ORI 6§2000000¢ Linker settings tab 0pC ¢ 0.@ 3207C: Link libraries Qp:323

C C <
Q)O’)Q?UDGEII

x Project build options

cbimg Selected compiler
Debug GNU GCC Compiler -]
Release

4| compiler settings | Linker settings ((Search directories) Pre/post build steps | *
Compiler Resource compiler

Policy: | Append target options to project options -

& o0.0: Library 8EopizaonadSearch directories 9pzo00d 05[§E°u
P 9.0 Y QCQPssey ]Ps Q :



2.9. LINUX ogccz 005905@83 ely)

x Project build options

cbimg Selected compiler
Debug | GNU Gcc Compiler -
Release
4 Compiler settings Linker settings Search directories Pre/post build steps | *
Policy: | Append target options to project options =
Link libraries: Other linker options:

Jusr/local/lib/libopencv_core.so
Jusr/local/lib/libopencv_highgui.so
Jusr/local/lib/libopencv_imgcodecs.so
Jusr/local/lib/libopencv_imgproc.so

(‘é 0.@: Link libraries qp::ocf)@or%@f::u

C o C C O 0o¢ . ¢ o ¢ C o C N O
G§’.)(T)&)208C F9 ac00m ?O@S Build and run CDOC\)(T)C\?_IC O 2.00 (To)C 0023 D00
L T T L L L §7 e
<
e

[o] C ﬁ (o] oc
0§08 e @l output ) coR&C Il

iFeHA < B QA& @ | Debug g =
, <global> = -
Management =
main.cpp ¥
|| Projects |Files |Resources |Symbols = [f 1 | #include <opencv2/opency.hpp>
v OWr 2 using namespace cv;
v !C e rgvil)
v B = -
.1pg", CV_LOAD IMAGE COLOR);
.
A - - V_WINDOW AUTOSIZE );
-
o e -
R
SR :
: -
.M

# Build messages 3 /) DoxyBlocks 3%

Er: GNU GLL LOMPLLET=mmmmnsmnonmasn
ite) .

er: GNU GCC Compiler)-----------=-ux
img/bin/Debug/cbimg

onsole_runner LD_LIBRARY PATH=
-3.3.0/release/1ib /home/yan/code/cbimg/bin/

|Read/write default [ =

/home/yan/c

8 0.00: OpenCV $655 0§0§ 03 Code::Blocks 3¢ run (g&si



< o ¢ C
o0 399§3 O. 00030

pkg-config 23:g¢:

Build Options qp:o% pkg-config 099 o?ﬁ 3305905@9_5 a?gd]oo cop_Sz qoaén Project Menu —

Build Options... orcg> $5[§ Compiler settings tab — Other compiler options tab 0’0)8 cL) 2.00
QC
czloplel

‘pkg-config --cflags opencv

o3 Debug s& Release &09033 320005 2005005 820051 AB §05:00 Linker settings tab —
T g?c’ ‘? To1° 08 ? é|.L @ T §£° i g

Other linker options tab ogé cL) 2.0 303Cs

L

‘pkg-config --1libs opencv’

X Project build options

cbimg2 Selected compiler
Debug GNU GCC Compiler =
Release d

Compiler settings | Linker settings = Search directories | Pre/post build steps | *

Policy: | Append target options to project options =

4 Compiler Flags | Other compiler options| Other resource compiler options | *

| pka-config —cflags opencv” |

O 2.090: pkg-config o3 compiler settings ogéooo%@o%@ézu
L L
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2.G. OPENCV 093 WINDOWS 038 ooéaoc@éz o@

o Project build options

cbimg2 Selected compiler

Debug GNU GCC Compiler -

Release
4 compiler settings || Linkersettings| search directories | Pre/post build steps | *

Policy: | Append target options to project options =

Link libraries: Other linker options:
“pkg-config -libs opencv’

6 0.0]: pkg-config 093 linker settings ogcc::nogg;orgg&n

gﬁ oequjog (online) (7% F9 acgf)og %5@ Build and run C\?(SC\O?(YCDC\?_IE LL) 2.00 ogf:
[} C

L
. < <, Q S 9 _o¢ <
[QCD’_% &)[B G’BUPCO (7]?@30@ 61(\)3(79 qéL.coop;)u

0.c  OpenCV o3 Windows 03¢ 00s0E(gcs

Windows :3908(73@'5 pre-built 098@: @5@33’3 0305301 e@oo%ex‘?:ogo% OpenCV sge@cq ma&
(rcéaézeén 98::390: OpenCV for Windows https://opencv.org/ ogcc: ulgf%cc:oop_gn qeﬁ
Q26202 opencv-3.3.0-vcl4.exe 3323 Qﬁ $0§2 390308 C:\opencv 639008088 opencv330
C C <
3PC§§¢ extract Ol
IDE :390305 Visual Studio Community 093 Visual Studio Downloads
https://www.visualstudio.com/downloads/ & €0 Q install C\?(c)@éll 630050 3250¢

q_pzor% Windows 10 64 bit ogé Visual Studio 2017 §§ OpenCV-3.3.0 3528 ogsj ®§:@é

o

< < C < < Q < C C <
ooo::ngn 3’3@03 U’JSGﬂCSQﬂO% S’BUO)OOC\) H aoco;% ()?8(59’38 :?g%(\)@: Eﬂ’_)‘é:D’_) @O)ODE

[Opel7h]i
64 bit windows §<f: Visual Studio saogorc) environment variable ooo%eL) 3ae§§<f:
OPENCV_DIR oﬁ) :)3054]905 eén o@saogcf) Command window oﬁ) administrator saec?.?é
run eﬁ start menu (73 right click %’f)ﬁ command prompt (admin) 099 egz@z cq|c°: 630000
C o¢c O ¢ e o¢ <
©6§)C2 0.0Q F20DC2 OOCODY &CAOI

setx -m OPENCV_DIR C:\opencv\opencv330\build\x64\vci4d

@oqcczs 2.0q: OPENCV_DIR 093 :1)03905 [§c°:zn


https://github.com/yan9a/opencv/tree/master/cbimg2
https://opencv.org/
https://www.visualstudio.com/downloads/

S Q < Q
Jo 329%: O. OO0

DLL gpoz 333:33[:1_33 323 bin folder ﬁoogc e§ep(r3 system path oro><°: ooéeﬁ 390306 Rapid
Environment Editor sfao)sjopoé utility Océcr%o%sﬁew%mézemézl This PC(My Computer) >
Properties > Advanced System Settings > Advanced Tab > Environment variables > Edit
System Variables 085 Path O’% 6 0.0 ogé @ooos oaoéo% edit C\?(S@S Goﬁmézemof::

co <

m§é:§éz o?ﬁ %OPENCV_DIR%\bin or% system path 39@@:;\(5: oo&@éoap_ou

Edit environment variable X

C:\WINDOWS\System32\WindowsPowerShell\v 1.0\ A New
C:\Program Files\Intel\Intel(R) Management Engine Components...
C:\Program Files (x86)\Intel\Intel(R) Management Engine Compo... Edit
C:\Program Files\Intel\Intel(R) Management Engine Components...
C:\Program Files (x86)\Intel\Intel(R) Management Engine Compo...
C:\Program Files\MiKTeX 2.9\miktex\bin\x64\
%SystemRoot%\system32

%SystemRoot%

%SystemRoot%\System32\Wbem
%SYSTEMROOT%\System32\WindowsPowerShell\v1.0\
C:\Program Files\Intel\WiFi\bin\ Move Up
C:\Program Files\Cemmon Files\Inte\WirelessCommon\
C:\Program Files\CMake\bin Move Down
; C:\Program Files (x86)\Windows Live\Shared

i | G:\Program Files\Microsoft SQL Server\110\Tools\Binn\
C:\Program Files (x86)\Microsoft SDKs\TypeScript\1.0\
1 | G\Program Files\Microsoft SQL Server\120\Tools\Binn\
{ | G\Program Files\Git\cmd

%USERPROFILE%\.dnx\bin

C:\Program Files\Microsoft DNX\Dnvm\

C:\Program Files\Microsoft SQL Server\130\Tools\Binn\
%OPENCY_DIR%\bin

Browse...

Delete

Edit text...

oK Cancel
o . . C C (N C
© 2.0Q: Environment variable 3933®ooooola;g[§c:n

o 0O . C N Q o ° C C C < <
002y install C\Bo@cqus @:@2 olon OpenCV o sao?:[glej $98§0 000 ®ezooo@p;g ol
Q C

Visual Studio IDE 0 ggsj ¢ 0.06 (YS:)SL project 32000 oooC)aL) @%o%: eén Installed > Visual

C++ > General > Empty Project (ﬁegwén

o%e@oor% [3_3'3(905 Solution Explorer sfaogézgci Source Files or% p_o'wog eplee) %(Q)ooo Add

> New Item... ¢os0¢ eclawoean pop-up window op¢ Installed > Visual C++ > C++ File

(.cpp) or% ©Q:020 main.cpp @eég‘f: ((fscc: 3.;0808 0033(73 oopéep_gu 30l Tool barﬁ Solution

C o Q Q c. 9o ¢ <
Platforms o3¢ 0 0.0 (753? X86 3200¢ X64 20 G@’JCSC\?U) Clenll

OpenCV :?cf: application qps eq:q% cf’gs@éoop_g 3O §.t§?ei:>op_5n OpenCV library

L
C

QoD ep_.f)ooé (°L)o°> @o%:néd% compiler 3303 e@oq$§g OpenCV function qpa data
structure qps30s @péoaé G§6TJOQ8 0§ @[3_5059’ linker 3202 e@osﬁ [§o°)aoéu o%saog(f)
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5.G. OPENCV 03 WINDOWS o3¢ ooz0&(gés

O Start Page - Microsoft Visual Studio
File Edt Viev Debug Team Took Test Analyze Window Help
-0 |B-2 |9 b Attach.. + | 51

StartPage & X

Discover Visual Studio Community 2015

Mew to Visual Studio? Check out coding tutorials and samole proiects
New Project ?

Visual Studio

b Recent 3 1 -
Start NET Framework 4.5.2 Sort by: Default

Search Installed Templates (Ctrief) 2 =

4 Installed
Empty Project al Cor Type: Visual C++

Open Project... Web oy Aerpy piec forerunmg e
Custom Wizard Visual C++ PP

Open from Source Control. ‘Android
E:;ds\b\hty E'j Makefile Project Visual G+
i0s ~
Becet Sitverlight Bo] shared tems Project Visiial G
Test
WCF
‘Workflow
b Visual Basic
Visual F2
4 Visual Cos
 Windows
At
CLR
General
MFC
Test
Winz2

Cross Platform
b Online Click here to go online snd find templates

Narme: img_wins

Location: Di\MySpaceimg_wins\ -

Solution name: img wins

reate directory for solution
[] Addto Source Control

8 0.0G: Visual Studio 0g¢ project 3206 0263 v&o3:(g:

)

Edit  View  Project Debug Team Tools palyze ~ Window  Help
LRl - T Debug Local Windows Debugger

maincpp ® X

%l img_wins - (Global Scope)

o o N
6 0.08): Platform o3 x64 m:eg:@c:n
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(‘:) 0.06 orgcc: [§oo:>: :Dor\):f? 360l menu bar eﬁ View > Other Windows > Property Manager
0 . NPTURN
03805g) g
)

File c € c Debug Team Tools
F7 mmanc o Ctrl+Alt+A
@ 7 Ctrl+Alt+R
T main.cp
Ctrl+Alt+L
Ctrl+\, Ctrl+M

i

Ctrl+Alt+Bkspce

=T

Applicatio
Applicatio
er Link

Ctrl+Alt+) cument Outline Ctrl+Alt+T

Ctrl+\, E

%t G
Bl o
T
£

Qutput Ctrl+Alt+0
Start Page

A B @

C# Interac

Code Metrics

100 %

Output

Showo S P

o . Q CMmQ.
Q 0.00: Property Manager opg¢(gcal

©

C C C co C < . . <
@:G@m poowod  Property Manager ogCooongopoepy  configuration @Q)GDQ’J
Debug|x64 03¢ po00d Mmd&Ss) Add New Project Property Sheet... 03eg:0o0 *OpenCV’
s’aeéﬁ property sheet 00039 @%o%:eé ((3 0.0Q)i Property sheet oS o [_90 ©§03:

L
(o]

@ :0lon G@'Joo Project g2 ogc Add New 32003 Add Existing Property Sheet o) eg:000
[95c0p5 320%:[g &0

occée@oorg Property Manager sgogcc:zﬁ OpenCV saeé eoTogE p_oo(sor% MOd %%6000 Prop-
erties (73 Gg:@én GoTcoo:Dpé Property Pages 0’0)5 C/C++ > General > Additional Include

Directories

$(OPENCV_DIR)\..\..\include

o?@é@ Apply or% f%(c)@p_g (© 0.00)



5.G. OPENCV 03 WINDOWS o3¢ ooz0&(gés

JEEE

yannaingay

mg_wins
Ml Debug | Wi
Debug | 64
Add h roject Property Sheet... Microsoft.Cpp

Add Existing Property S Application
Multi-byte Character Suppo

b Libraries

Rename

Properties Alt+Enter

8 0.0q: Property Sheet copd(g¢i

img_wins Property Pages ? X
Configuration: | Active(Debug) v | Platform: | Active(x64) v Configuration Manager...
4 Configuration Properties $(OPENCV_DIR)\..\..\include o7
General Additional #using Directories
Debugging Debug Information Format Program Database for Edit And Continue (/Z1)
VC++ Directories Common Language RunTime Support
4 C/C++ Consume Windows Runtime Extension
General Suppress Startup Banner Yes (/nologo)
Optimization Warning Level Level3 (/W3)
Preprocessor Treat Warnings As Errors No (/WX-)
Code Generation Warning Version
Language SDL checks Yes (/sdl)
P Multi-processor Compilation
Output Files

o . C C C
0 2.06: Include directory agozoaooggoo@c:n




< o ¢ C
JS 32983 0. BOXOM
00(9$ Linker ngoorgﬁ General > Additional Library Directories é $o.0@ 05:)?3
$ (OPENCV_DIR)\1lib

Sp &ﬁ@wé 39@8 eéwé library v oaor%@or%sﬁ Linker ¢33005 Input > Additional De-
. C o (N ¢ O < <
pendencies ogC 2036y library modules q_pz@ﬁ celCleblep @@q@@n

img_wins Property Pages ? X
Configuration: | Active(Debug) ~ | Platform: | Active(x64) v Configuration Manager...
4 C/C++ Output File $(OutDin)$(TargetName)$ (TargetFxt)
General Show Progress Not Set
Optimization Version
Preprocessor Enable Incremental Linking Yes (/INCREMENTAL)
P
Code Generation Suppress Startup Banner Yes (/NOLOGO)
Language Ignore Import Library No
Precompiled Headers Register Output No
Output Files Per-user Redirection No
Browse Information Additional Library Directories $(OPENCV_DIR)\lib ©
Advanced Link Library Dependencies Yes
All Options Use Library Dependency Inputs No
Command Line Link Status —
4 Linker Prevent DIl Binding
G | Treat Linker Warning As Errors
eneral
Input Force File Output
anqu ¢ Fil Create Hot Patchable Image
an es. e Specify Section Attributes
Debugging

(°3 0.0@: Library directory 320: wo%g;o%@ésu

Qﬁ%ﬁoogé o@swé OpenCV 3.3.0 39080'3 C:/opencv/opencv330/build/ x64/vcl4/lib
ogcc: opencv_world330.lib §<f: opencv_world330d.lib UPLGj library module §oc>sL> Gogot%éaap_gu
Debug mode 320305 d && 3283:2005 20p3 module 23:8E[Ga Release mode 30305
oq_|$ooo%zg orcLS a‘?:qeén Module @oeégﬁ §cﬂor°> 330 ¢ opencv version 3.3.0 :390305 @5@&
:33[3_5 version col elgooéﬁ G@’Jé:@éll

009 §9§0 390305 c320050] library saeé

e

opencv_world330d.1ib

Q (N C o
0D 00p96R0 (0 0. Jo)i
OpenCV o3¢a3200p5 fopen 2005 Visual Studio 2017 § deprecation (gdago: 209503 dis-

able C\P&,ﬁ C/C++ > Preprocessor > Preprocessor Definitions og<°:

_CRT_SECURE_NO_DEPRECATE

o BaSopS ¢ 0.

C c ¢ [o] N C oc oc <
OpenCV ®@§@£Q§ §%§’J(T? GG’B’J(T)O’] ®061C8 2.00 GQUL)Cﬁ GGF&LACCD@II
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4 Configuration Properties
General
Debugging
VC++ Directories
4 C/C++
General
Optimization
Preprocessor
Code Generation
Language
Precompiled Headers
Qutput Files
Browse Information
Advanced
All Options
Command Line
b Linker
P Manifest Tool
P XML Document Generator
b Browse Information
b Build Events
D Custom Build Step
b Code Analysis

Preprocessor Definitions
Undefin e

Configuration: |Active(Debug) ~ | Platform:  Active(x64) » Configuration Manager...
4 C/C++ A Additional Dependencies kernel32.lib;user32.lib;gdi32.lib;winspoallib;comdlg32.lib;advapi32.lib;s
General Ignore All Default Libraries
Optimization Ignore Specific Default Libraries
Preprocessor Modyle,Definttion:File Additional Dependencies ? X
Code Generation Add Module to Assembly
Language Embed Managed Resourct| opency_world320d lib)
Precompiled Headers Force Symbol References
Output Files Delay Loaded Dlls
e e Assembly Link Resource
Advanced Evaluated value:
All Options opencv_world320d.lib
Command Line 9%(AdditionalDependencies)
4 Linker
General
izt Inherited values:
Manifest Fil
anifest e kernel32.iib x
Debuggiag user32.lib
System gdiz2.lib
Optimization v
Embedded IDL it q el
nherit from parent or project defaults
Windows Metadata P proJ Macros>>
Advanced
All Options 3 — Cancel B |
. I D d
Command Line F A
b Manifoct Tanl v || Specifies additional items to add to the link command line. [i.e. kernel32.lib]
¥
oK Cancel Apply
° ] N o C C C o
(B O.JO. lerary @Ggmo DDO)?O’) Call
I %
Configuration: | Active(Debug) v Platform: | Active(x64) M Configuration Manager...

_CRT_SECURE_NO_DEPRECATE:%(PreprocessorDefinitions)

Undefing Preprocessor Definitions

Ignore S

? X

Preproce LCRLSECUREiNOiD EPRECATE

Preproce
Keep Col

Evaluated value:

_CRT_SECURE_NO_DEPRECATE
9%(PreprocessorDefinitions)

Inherited values:

_MBCS

Inherit from parent or project defaults

Macros>>

Cancel

| Preprocessor Definitions

Defines a preprocessing symbols for your source file.

oK Cancel Apply

o . (9] . C C
Q 0. Jo: Deprecation o) disable C\)O@CZII
L L L

JI
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1 #i
2 #i
3 us
4 in
5 {

6

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34

nclude <stdio.h>
nclude <opencv2/opencv.hpp>
ing namespace cv;

t main(int argc, charx*x argv)

Mat image;
image = imread("C:/opencv/thiri.jpg",0);
if (!image.data) {
printf ("No image data \n");
return -1;
}
namedWindow ("Display Image", WINDOW_AUTOSIZE) ;

imshow("Display Image", image);

//Create a circular mask

int h = image.rows;

int w = image.cols;

Mat mask(h, w, CV_8UC1, Scalar(0, 0, 0));
circle(mask, Point(w / 2, h / 2), h / 3, 2565, -1);

//Perform bitwise 'AND' to mask out
Mat im2;

bitwise_and(image, mask, im2);

//Manipulate pizels
for (int i=0; i < h; i++)
for (int j=0; j < w; j++)
if (mask.at<uchar>(i, j) == 0)
im2.at<uchar>(i, j) = 128;
namedWindow ("Masked Image", WINDOW_AUTOSIZE);

imshow ("Masked Image", im2);

waitKey (0) ;

return O;



5.G. OPENCV 03 WINDOWS o3¢ ooz0&(gés 19

c .
ch% 0.06: main.cpp

(“:rﬁeﬁ,qo 035 thiri &) Qcﬁ) C:/opencv/thiri.jpg ogc°: ooo:oooz@m 2562009 csep full path
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le]
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bitwise_and orog o%zC\OPOrS :Désaaf] mask oro)<°: 0 eﬁoo > pixel :390:(\?3 0 (:zaeé:eepf:) @o%ogo:m
<
)

cC O <

C coc C C o
mask op¢ @a(geepE §2003 esaogP: (V05 ©r38E:) 3¢ ©q:d o)
[Bzay€ for loop
(128) @o%egaocc: e@o

2d:6) mask & @epdieadC pixel 063(g¢:8 @

°
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o2 L < C o O . h N < <
oC\?O’JZDgII 61(\)’3 :D@ (L)(YB Imsnow ?g@&)@ll G]CDS
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Qﬁ asag? ogc OpenCV 390800 39@@9 qPs @oeoao LL) &ip :39:)3 [§ ol oo&eaooooo ®oog
o%o% eagzeg.ze@ [Opeléd]n 39@@9 structure qps: @o%e:)a:) Mat, Size ODZDé or%g?f: 39@@5
N
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Q_pg
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©
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C C C o Q< 0o OCQC N o Cof~ S,
C\?OG@OC Q_IOOQ{Po @@GCD’J (3610 3’9%00 32002 G@’JCO@CoI

~Co
Qo

eé [OpelTb; Opel7d]i
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OpenCV 088 0 000 LL) 093 (cé co (905(\03 oloo imread @%eﬂé or% 630050 390%& 3%3%5 G@o&
Geﬂpfo)(% G@S@@z @@oa@n

Mat img = imread(filename) ;

C ¢ o¢ . o Q ocC © ° C < <
(DODCD& (?C(J-QO P8 39({"_33903’.)2 @0)(;](7) @DI@GS@ channel &?SSLD (;ICD@ (L) 39G§§C; @U)@@II

N S o C c 0 C oc C c o¢ <
SQ(D(DGj 39@"_ 3’9@&3 (3 3’BG§§Q GOOC\? (5]00 GS@O(D(;] GQO?CZ 330)?0) %COD&II

Mat img = imread(filename,O0) ;

° N < N < 1 @(‘ C o O OC < Q<. ’] . t [o]
(opplave) (L) 3’308(7) DDOD?CDSZJ(T) ?’J 0)33@” (3(7? (LSC G’BG§ c?(; 33@0(\? ol Imwrite O?

°

GSQ’D('YSL;] Oo? Sﬁj 6133@“
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imwrite(filename,img) ;

J0.0  Pixel gpodad:(gé:

2062 0§660 §0) oS 0263 (§E28 ¢, intensity 03 8 bit unsigned char (8U) § 252000z (Gs
C1

o o

) §°1 o) grayscale (3510 (8uci1 sgeﬂ[zasm:)(gqo ooo%sL) G\looc% i103¢ Cjeo

C
channel 02039 ( >

o N . Q ’] oQ, cQQ Q
Sﬂ(ToJ plxel (7) GGQ’JO')O U?Ca (SU):%C :Dgll
uchar v=img.at<uchar>(i,j);

< C < C . o o ° C oc <

39@38 §£8C\)@8 CD‘D@L 396§§§ X-y coordinates (L)OD 3?5@8 GGB’.)(D(;] GBU?CZ C\)&S
coc <
@O)c%CDD&II

uchar v=img.at<uchar>(Point(j,1i));

Channel 2 dbapé BGR om0 955 at%d]oo e alosls)

~Co

Vec3b intensity = img.at<Vec3b>(i, j);

uchar blue = intensity.vall[O0];
uchar green = intensity.vall[1l];
uchar red = intensity.vall[2];

NN XN <9 o< Q Q
S’B(TJODGj (3610(3\3 O)z?(.?g Eip (J-Q’_) 33000 O’Jr? Etp @@Gq? O]O’) GS’B’_)(TJO] 390? @U)ﬂ q&)gll
Vec3f intensity = img.at<Vec3f>(i, j);
float blue = intensity.vall[0];
float green = intensity.vall[1];

float red = intensity.vall[2];

(o] < Q QC oc <
39@:?39(\?:? 396:??@ Pixel OO:?(B% o [§§qu C\DO']O’J GS’BOOOO'] 390? Gq&%C OOEEII

L L

img.at<uchar>(i, j) = 128;
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C

npSeP8s03a3¢(gled(gcsqs

oc < o OC N o O . C . c .
Qﬁ F0C:0C 2D 0QOgP:g F2q)3q|:e200 linear §¢ non-linear vodo (filter) qpszao:

393?@[9 orcg’ e@%@cﬂ@é [Opel7fu (‘;)Goléoogé ﬁeaao 2o (pixel) 0033@838035 3 e

283402 §e000 (o2 BoodgPEl §3:gps s& 0lC:00 (gocicd[glgp: (glepd(gés

@o%oo@c:s or>p_56p§15 eslers! 0.36@& (spatial filtering) o?e[go%éoap_sn
[\ crRe

0 63pgod3(glgc(acsqp:

Q-0.0 boxFilter

. C 2o0Q0O . Q Q Q 9.0 e _Co Q c Q

boxFilter :Dg (3610%1 plxel UBG@TCD@ 32000 OO@LQJCSSQ’_)S 39:?8631 390)(7)0’)@(?3 Q:Z]’.)S?(; G(j]CSO)O
0o OC ’] < ﬂ o o C ’] oc < <

GGl’.)Gt?O@E (L)SIOGQOE @) SGODODgII 3]?(21 (L)O)?’J c320000 SQO?CZ @@&)@II

void boxFilter (InputArray src, OutputArray dst, int ddepth,
Size ksize,Point anchor=Point(-1,-1), bool normalize=true,

int borderType=BORDER_DEFAULT )
(9]
CQ parameters QpP:ed
c . . [ C C o Q< <
Src: 20p0 input image O?G@TG:DO Q) Cé INPUL ICHSE GO (L)@(DCDED;)II
< C C c . N C < o <
dst: 200 output 3PEH&E CROOCXOLRY Image @@@: SIC &C 32QOOIOI: | I2Q||:3202: 0ROV

X



Co N < N C Cu o
ele 32985 Q. miajqo‘?wogc@[@o@coqpo
ddepth: ooé ogor%cooeé output image &\ depth [§o°3:>3§n (-1 a?gcﬂm src @\ depth §\<f:

oraeg_gn)
ksize: 2005 blurring kernel size (g20p51

anchor: :DP_S anchor point UQGQTG:DQ kernel &) 39@@ e@sp@o%oaén Default oo-%c%z@éeoaa

Point(-1,-1) af?)o']oo sfacoogooéooé: ogégci@én

. < (o] C < . C C C C <
normalize: 2005 kernel 03 o0&l area &¢ (G&©2:(3: normalize (¥6eOS 200590520051

c o Cc O < ¢co_ O N
borderType: co0pS border mode U?GOTGOO’J 032§2:0000¢) FOOVGPE 02§D 0ROV
< N < ° ¢ o C C <
33l ©pO20PY extrapolate §p9:09:0P0 MPIOIHOHIOI

11 .. ]
1 1 ... 1
K=« (2-0)
11 1]
C
arjogé
1 -
ksize.widthx ksize.height’ when narmalize=true
o= (2-))
1, otherwise
C c
@maa[o_ou
Q-0.) blur

Blur oaé normalized box filter orcg’ agej (L)or% d]:eo)oap_gu boxFilter or% ddepth ogé src @\

depth 390%5: oooz@m normalize ogccz true GO::Dé§CSZ oof>or|3 eoap_Su Blur filter &V 000
6320050 3203¢E: [§o20p5H
r-° ®

void blur(InputArray src, OutputArray dst, Size ksize,
Point anchor=Point(-1,-1),

int borderType=BORDER_DEFAULT )
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o Ro kol GaussianBlur

GaussianBlur oaé Gaussian filter or% o?sj (gorc?’ o]:c;@:nén p_aorgc;@ocgo oT:eo)oa@é

@5:@@@3}0 OQs3a0s eq_pgo%e@@@m noise gs320: ecqpo?:e@@& cféog?: sgof?:qu:)ap_f)n
Qﬁ function &\ (?05399

void GaussianBlur(InputArray src, OutputArray dst, Size ksize,
double sigmaX, double sigmaY=0,

int borderType=BORDER_DEFAULT )
C N C ocC C c
@(D:D[EII Parameters EEI’JS?O GG’B’J(YJ(.S]SQCTPCS@O)CD&II

c . . C . C C e N < Q o C

src: OO& Input image U)GQTGOJ’_) GGICS input S’DG§§C°Z GOSG].G@ LL) OOD@II @QOgC channel
C [oNoXy Q co C < Q< < Q

3966139080’) [_9 [oplov]~lavalep] GR&L\C@S OD?;:D%O) process C\?O@& @(DOO&II O?GCD’.) depth

3e5aC CV_8U, CV_16U, CV_16S, CV_32F, CV_64F gp:e 0o0q|:q|:000 a3:q)eepdl
dst: oop_s output 39@1??@ og(ﬁmeé image @5@: src §CS: sagogsams | :zraec{l[::a@@o: orlgeén

ksize: 33[3_5 Gaussian kernel size @5339_5u ksize.width §<S: ksize.height or% quej qeoo%coé:
<o

@OGDC°U)C8° $20D @0% © Cll &%@(DUS(.;](‘DOD @0308@°| CIO)U) (CH 23202 Sigma
§° #LJ{P" §ORNN REVD o S ° §L°%° ssig

L

sigmaX: oaé Gaussian kernel &\ X occzéj: ooecgporg standard deviation @o%oap_gn

sigmaY: 2005 Gaussian kernel @ Y 0§ odeagpad standard deviation (goo0pSi 2900
@&ﬂm sigmaX Saor%cczz oTvLep_Su §o°>sgcx§z 00 @oget?d]oo ksize.width §\<f: ksize.height

N QC <

$OR000) VLI

< o cO < ¢co_ O C
borderType: 20p5 border mode ugeaTGoao Q3§030000§) FOOVGP: OO$BD 0RODIORG
"] N < N ° ¢ O C < <
323l ©po20py extrapolate §p5:00:6D0 0RA0D€OIOII

L

oReXe medianBlur

o O

<5|:G®(\°?<5|m medianBlur 323 ogzc%éoaén Gaussian filter :]%.cf:

°

Median filter 08 :D:@: s

—

o ¢ O <, < l d . o o < o C
OLO’JG Q@go&)@ll Saltan Pepper noise QIOOGQ’.)O @(Déﬂ’.)oq’.)Cfo)C
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void medianBlur(InputArray src, OutputArray dst, int ksize)

Q Q Q o¢c m¢ Q
@(DZD@II Parameters ({pgﬁ)’.) GG@’JU)(;] 390?C8[§®OO@II

. [ t . ’T‘ Co: t C o C o < < Q o C h I.
src: ZD& Input image U?GQ G200 (I%qu Inpu ’39@:??(67 GOOQ@& CL) 0)30@” (I?(gOgC Channe

C Q < [oNoNy < . Q < (o] N
396613908(7) o} QLI Q QLI &%@U?CD 9 QL Gﬂ&LLCCDgII ksize Q &BGUBCD 3 &?&OO depth UgC

Q

CV_8U, CV_16U, CV_32F 036 0o0g|sq|s 200 23:6) qepdi 3(03:e000 ksize gpsaaozad
Ccv_8su ooqoltzoao qep_gu

(Y C C C . C C C o c
dst: 2005 output B@esa¢ 0godaooeps image [§6(Gs src §& saguSm@02 | 3302 LRSI
ksize: 2005 aperture linear size (§6(G: o 000505000 © DaPE: 02§82 gp:ooo (gda RSN

20622, 9,Q, ...
[N N . . c [§ C [o] C O
c65(ggeoon smoothing filter gpzaen: 63200501 @06E: 0.0 3¢ (ooniea00 0§03

agsj 053@[3_5 %cc::op_gn

#include <stdio.h>

#include <opencv2/opencv.hpp>
using namespace cv;

int main ()

{

//Read original image

Mat image;

image = imread( 505
if (!image.data) {

printf ( ) 8

return -1;

}
namedWindow ( , WINDOW_AUTOSIZE) ;
imshow ( , image);

//Boz filter
Mat im_box;
boxFilter (image, im_box, -1, Size(7, 7), Point(-1, -1), true, BORDER_DEFAULT)

namedWindow ( , WINDOW_AUTOSIZE);
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28

- FILTER2D
imshow ( , im_box);
//Gaussian filter

Mat im_gaussian;

GaussianBlur (image, im_gaussian,

namedWindow ( , W
imshow ( , im_gau
//Median filter

Mat im_median;

medianBlur (image, im_median, 7);
namedWindow ( , WIN
imshow ( , im_media

waitKey (0) ;
return O;

}

Size(7, 7), 0, 0);
INDOW_AUTOSIZE) ;

ssian);

DOW_AUTOSIZE) ;
n);

c . . C [o] C
©06)C: Q.0: Smoothing filter gp: 320305 $6§2 Vg8 B!

OQOq@Gﬁ 61CD3QJ’D HEL SN O Q O Og %8

- filter2D

Q
OOO)

~Co
3

°

28 coSGoooiargd

8’93\?8@[@ 613\)&%99 SQDSZDOQI(D@O)ZD&II Qﬁ filter Q(L)O)?D

void filter2D(InputArray src,
int ddepth, InputArray kernel,
Point anchor=Point(-1,-1), dou

int borderType=BORDER_DEFAULT

(o] C e

OutputArray dst,

ble delta=0,
)

@(DOO&II O0RC 338616@ parameters Q{P QJ-DO GS’B’JOOO]S’BO% Cs @o%oaén

L L

src: 33[3_3 input image U?GQTG:DO 09

c . C
C: input 39@§§(°3 Go:qe

2

o

O
L

@ DDéII

X9

kernel ooom@c convolve C\)OGO oopj [Opel4aln 88805@[05 custom kernel
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187 Original Image - o X 18 Box filter - o x

B Median filter - o X

(c) Gaussian filter @ qcodi (d) median filter & qodi

6 9.0: Smoothing filter gpzod S€zopdesd(ggan
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3

Q.J. FILTER2D @
dst: :DP_S output 390§§<§ ogo%cooeé image @5@3 src §cf: @goSsa@o: [ 394%{:390)9: ora@p_gn
ddepth: 2005 0go5au0end output image @ depth (620051 ( -1 a80lon sre @l depth ¢
qgeén) esao(ﬁogf: @ooozeooo saoréqu qoaén
« src.depth() = CV_8U, ddepth = -1/CV_16S/CV_32F/CV_64F
« src.depth() = CV_16U/CV_16S, ddepth = -1/CV_32F/CV_64F
« src.depth() = CV_32F, ddepth = -1/CV_32F/CV_64F
« src.depth() = CV_64F, ddepth = -1/CV_64F
kernel: 20p5 convolution kernel (g®20p311 single-channel floating point matrix (gdoopSi
° C o O . o C C o
©036000 channel gp:3a0: ©0R6200 kernel ogijc&m 0 split() 3?:@: 2000720000
N o (Y < N
3959025 (4620001
anchor: ooé anchor point ugeaTe:Do kernel &) 39@@ GL?ep@o%oopén Default ooﬁ%(%g@o%eoao
Point(-1,-1) at%d]oo 39(\30503@500[3_5 og&ieéu

delta: filter C\)oﬁqw&) pixel oo.?@ ogc colcs oog cos e@ optional value @ ooéu
R

R

. < o o cOo C o co O
borderType: 20p5 border mode UQGQTGOJO Q3I2§D3A000§) FOOVGP: OO$B 520

C C <

’1 < < < ° ¢ O
33| 6poo0py extrapolate §p5:00:6D0 03005005

399%038 gﬁ function ogorc)eo:oap_gg;o convolution eu?orcx\) correlation 202 @o%oop_su

(kernel.cols—1) (kernel.rows—1)

dst(z,y) = Z Z kernel(i, j)*
i=0 §=0
srce(x 4+ 1 — anchor.x,y + j — anchor.y) (2-9)
Convolution 300 23 C\%LS]OO kernel oo flip() aSL:Dp_S eaoocqloo saqc :D GOs
% oo@n filter2D 320305 §I §° oqoqem 3 630050 mq ol ogé G@O@ 0008 oo@n

#include <stdio.h>
#include <opencv2/opencv.hpp>
using namespace cv;

int main ()
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{

//Read original image

Mat image;

image = imread("C:/opencv/grove.jpg",1);
//image = timread ("/home/yan/grove. jpg",1);

if (!image.data) {

printf ("No image data \n");

return -1;

}

namedWindow ("Original Image", WINDOW_AUTOSIZE);

imshow("Original Image'", image);

//create kernel

Mat kernel;

int kernel_size = 9;

kernel = Mat::ones(kernel_size, kernel_size, CV_32F) / (float) (kernel_sizex*

kernel_size);

//filter2D filter

Mat im_filter;

filter2D(image, im_filter, -1, kernel, Point(-1, -1), O, BORDER_DEFAULT);
namedWindow ("filter2D", WINDOW_AUTOSIZE);

imshow ("filter2D", im_filter);

waitKey (0);

return O;

}

mqf:z oy} filter2D :390808 $6§° oe‘ﬁoqéu

[o] C ﬁ c o < ’] ° C Coc 80C, < Q@ o <
063061@(31 Gl(\)SS’B’Jo 6320000 (B QJ OgCQl%qco§§J&L\CoO?a (=10 @’Jo&)@ll



2. THRESHOLDING o
X g

I3 Original Image = o X 0 filter2D - O X

Q-0 Thresholding

Thresholding :)39_3 :39(;@5 320730 saéﬁzeﬂcc::ac’?: segmentation C\?(Q)GEDO’JCC:GOD’J
°°[§o°>:>a Si 0000 30005 391005 threshold 0003 2005605070 B> Sgp:
F8 2N Q T 93 2Cs]oR t ? { 2q°s

o Sod) S:4) <, ¢MS 9S.. Q SMRS.MS. ¢ Q Q
Seomadodlm g spd:lon @epds 020p5(gE  3E:gie305(gSigoa0pd  cdzeozad

3902’3:[_23[%5@030 threshold function &) (I)o")crcg’ 939003095 G@%@OO’.)‘;IDé [Opel6aln

double cv::threshold (InputArray src,

OutputArray dst,

double thresh,

double maxval,

int type

)

Parameters o3¢0 G@O(ﬁdlsao%éz@éoaéu

src: :)3@Q input array @5@3 single-channel :f? 8-bit 33 32-bit floating point ooo%aLeg

38882005
§a2pS

dst: 33[3_5 output array @5@: src §\§ sagosorl?l 394%[:39@930'3 @oc):néu



oy 3aa§: Q- ooéqoyﬁogé@p&@é:qu
thresh: C)Dé threshold oo%t?sz @o%oaén

Q < C C < < [o] < .
H @@33&“ CDO)Q?CDQ_IO’) G@C\)&(ﬂm OOOSGA@@ plxel

~GO

maxval: :>agC maximum oo%%
on88: [§820051
type: :)3@Q threshold (?L)Ezq_leé Qéeaooccze 394%[339@0: @5@3 c;sfaoor%(ﬂo%? ooo%zgzg

@5%833&5 (e@oorgaoorcjog o, or%@ S

o

THRESH_BINARY

THRESH_BINARY_INV

THRESH_TRUNC

THRESH_TOZERO

THRESH_TOZERO_INV

THRESH_MASK

« THRESH_OTSU

THRESH_TRIANGLE

Threshold C\P&aé CgogcQ: @§§§73$e§ (low frequency) samcczzeepf: 3;(;@953 cr) \qu
<

o']gol olon 3300050 global thresholding Nesk: @3{33@8 @§§§:$é 39?38: q[P:320: 605090851

On —on

Bepdi 336005l eaadRE  eedgoon:opy  adaptive thresholding 030328
T [E ot 08 ° @ P g T1°1

039_5 [Opel6c]

void cv::adaptiveThreshold ( InputArray src,
OutputArray dst,

double maxValue,

int adaptiveMethod,

int thresholdType,

int DblockSize,

double C

)



1

Q- THRESHOLDING G

Parameters qp:o2 es@ocﬁtﬂsao%éz@o%oaé [OpelT7alu

src: 33[3_5 8-bit single-channel image @5%8339_5u

dst: 33[3_5 destination image @5@: src §cf: :ragogorl{l 39@%{:390)0:0@ @5oaén
maxval: 20p5 20059053105e[geopSlon con:gepd pixel @loo&3: (gdo0pSH
adaptiveMethod: 2005 233603 Adaptive thresholding algorithm [g8(G: 632005 Clode 00099
[g6&E20p5H
L
« ADAPTIVE_THRESH_MEAN_C

« ADAPTIVE_THRESH_GAUSSIAN_C

thresholdType: 30[3_5 threshold <(§<°:sqjep_§ 0.3(3@@0053% :394%[:39@03 @o%@z 63000 oToroL)Dg;

069 (§68E20051
LL L &

« THRESH_BINARY

« THRESH_BINARY_INV

blockSize: 20p5 pixel o>®9@l threshold 03qoa0pdaesl aepd @&:as0: 0§:09C

C C C co < C N
32g O3S @@@o 3,57, OO 00§ OO0 @@oa@n

C: 5 mean 38 weighted mean &U%GO"@ (7%0"@:)3 BQ%OD Q|| (o) QG@O"@E
: & 3 g ? L i §° & L?§ ‘g%

e, Q¢ m¢ Q < Q e Q¢ Q cog <
GQGO’]C:O’)%@@GOD’DC\)@: O?g :)? 39§OO mg?:qp:m@z 0).?033[33“

. C C [0} C C o C C oc ¢
Thresholding @LC\PQ:D@ $980 04086 00O M) 63900 ®O6)C8 Q.9 09C GOREC VI
#include
#include
#include

using namespace cv;

Mat src, src_gray, dst;
int threshold_value = 128;
int threshold_type = 0;

int const max_BINARY_value = 255;
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void Threshold_changed (int, void*);

const char* window_name = "Thresholding";

int main ()

{

//src = imread ("/home/yan/ka. jpg", IMREAD_COLOR) ;
src = imread("c:/opencv/ka.jpg", IMREAD_COLOR);

if (src.empty()) { return -1;}

namedWindow ("Original", WINDOW_AUTOSIZE) ;

imshow ("Original",src);

cvtColor(src, src_gray, COLOR_BGR2GRAY); // Convert the timage to Gray

namedWindow (window_name ,WINDOW_NORMAL); // Create a window to display results

// Create Trackbar to choose type of Threshold

//Type: 0= Binary, 1= Binary Inverted,

// 2= Truncate, 3= To Zero, 4= To Zero Inverted,

// 5= Adaptive threshold using ADAPTIVE THRESH_GAUSSIAN_C
int const max_type = 5;

createTrackbar ("Type",

window_name, //window for trackbar

&threshold_type, // wvalue to be updated according to trackbar
max_type, //range

Threshold_changed);//function to be called everytime trackbar ts changed

// Create Trackbar to choose Threshold wvalue
int const max_value = 255;

createTrackbar ("Value",

window_name, &threshold_value,

max_value, Threshold_changed);
Threshold_changed (0, 0); // Call the function to initialize

//loop until 'Esc' key is pressed
for (5;) {
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0.9 THRESHOLDING

char ¢ = (char)waitKey (20);
if (¢ == 27) { break;}
}

//save the resulting binary image

imwrite("c:/opencv/ka_binary. jpg",dst);

return O;

}

void Threshold_changed (int, void*)
{

if (threshold_type == 5) {

adaptiveThreshold(src_gray, dst, max_BINARY_value,
ADAPTIVE_THRESH_GAUSSIAN_C, THRESH_BINARY, 11, 2);
}

else {

threshold(src_gray, dst, threshold_value,
max_BINARY_value, threshold_type);

}

imshow (window_name, dst);

}

mqéz 2-Q: Thresholding $0§2 osoaoqéu

[o] C ﬁ < N '] ° C C coc < C <
OSJOq@@] GlC\DBSQOS ©320000 (L) ?Q OgC@G‘[C8§C°)ﬁCSO~Pa G(SO@CO’JSDD[’D_D'II

IL

93



87 Thresholding - O P4
Type: 0
Value: 128 %

(b) Binary thresholding

ﬁ c
4] GIC\DSII
| W1 Thresholding = (m) X
Type:3 J—
Value: 128 J—

1
(e) THRESH_TO-ZERO @\

GlC\)%II

m 7 Original = m| X

C o
(a) @gC:0N

‘ 7 Thresholding = m X
|

Type: 1 _Ji 1

Value: 128

_—

(c) Inverse binary &

<
qco 3l
3 Thresholding - o x|
Type:d }_
Value: 128 )—

() THRESH_TO-
ZERO_INV &\ qcodi

L

87 Thresholding -

Type: 2

Value: 128

(d) THRESH_TRUNC @&\

61(\)5”

| 7 Thresholding — O x|
Type: — J

| Value: 128

M AL ALE X
it

s
Aot

T

(g) adaptive Threshold

&l qeodi

: Thresholding qco%qpscr% gézo])éewg[g@&n
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o o C C

?9 (B(\PSGO’J(\POG&)’J&QIO%G{PS

39@@5009_5@@000553" (structuring element) ooo%sg@ﬁ aacgnw% (shape) orc?> 39@@5 Gj (L)o%
[GlGE(8¢:390: ddiewdrdeaonlqmdgps: (morphological operation) vreslepdi Noise
@@(ﬁsae@omqu:}ao: @oagp@cm ooaoooc;@c:)ao 39(?)83 Qp:30s §[§9:[§Es| @@ﬁem
G@qup:ogé 3935L:[§[ @oaé [OpelTfl

Structuring element o3 getStructuringElement() o3 32a3:(|g) §028E20031I

L

Mat cv::getStructuringElement (int shape,

Size ksize, Point anchor = Point(-1,-1) )
C (o XY < <
Parameters qps¢o es@omd]sao?c:@o)oa@n
shape: 20p5 MORPH_RECT, MORPH_CROSS, MORPH_ELLIPSE 03¢ 03699 (§68E2005
ksize: :D[D_S structuring element &\ sggog[ggo%wpén
anchor: C)Dé anchor point o?eeTG:Do element @ 39@@ G@GTJ@O%:DP_SH Default
co < . (0] N < < cOo <
m@tgs@]@em Point(-1,-1) a@cﬂm c=lablovloptobloplebReptely[ S ob]]
2.6.0 odndens(gé: (erosion)
$foNTain ot Yoo 1) 339@@ o€ 38803 21 Ol:o026330¢ ©2260220051
2000003 & 3(g|eaC BT} oqagon ologo: =

void erode(InputArray src, OutputArray dst, InputArray kernel,
Point anchor=Point(-1,-1), int iteratiomns=1,
int borderType=BORDER_CONSTANT,

const Scalar& borderValue=morphologyDefaultBorderValue() )

2.G.) ewoly(gé: (dilation)

(BDDCUDOCUDOSS @Tﬁ 39@ G ’_)E :398 (TOJ QO2lI @CO’J’J°OJO GG@’J& @"G@OD QII
T [} § T ". 61 { 0 8 i ° ° @

void dilate(InputArray src, OutputArray dst, InputArray kernel,



96) 399%3 Q U)éq0§(l%088[§[®8[§83@_p%

Point anchor=Point(-1,-1), int iterations=1,
int borderType=BORDER_CONSTANT,

const Scalar& borderValue=morphologyDefaultBorderValue() )

2-G-2 morphologyEx

@@o:@ej ﬁf)eogseooo morphological operation qp:3a0: C){):C\%Lﬂm morphologyEx orc?)

2,0¢ <
O?oéLLCOD[’)_‘JII

void morphologyEx(InputArray src, OutputArray dst, int op,
InputArray kernel, Point anchor=Point(-1,-1),

int iterations=1, int borderType=BORDER_CONSTANT,

const Scalar& borderValue=morphologyDefaultBorderValue() )

B¢ op o morphological operation 33333003 @5@ 630 0l036 0009 @538:}0 Sii
T P ? p g p Et"f ° ° L"? T L g

« MORPH_OPEN - an opening operation

« MORPH_CLOSE - a closing operation

« MORPH_GRADIENT - a morphological gradient
« MORPH_TOPHAT - “top hat”

« MORPH_BLACKHAT - “black hat”

+ MORPH_HITMISS - “hit and miss”

$O§° O%(’)GIQS OD(%?O% GS’Q’J(TS(S] Q)’JG]_CQZS G 088 G@’S@ OO’JSDDéII
#include <stdio.h>
#include <opencv2/opencv.hpp>
using namespace cv;
int main ()
{
//Read original image

Mat image;
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image = imread("C:/opencv/ka_ori.jpg", 0);
//image = imread ("/home/yan/ka_ori.jpg", 0);

if (!image.data) {

printf ("No image data \n");

return -1;

}

namedWindow ("Original Image", WINDOW_AUTOSIZE);

imshow("Original Image", image);
Mat e_struc = getStructuringElement (MORPH_RECT, Size(7, 7), Point (3, 3));

//erosion

Mat im_e;

erode(image, im_e, e_struc);

namedWindow ("Erosion", WINDOW_AUTOSIZE);

imshow ("Erosion", im_e);

//dilation

Mat im_d;

dilate(image, im_d, e_struc);

namedWindow ("Dilation", WINDOW_AUTOSIZE) ;

imshow ("Dilation", im_d);

//opening

Mat im_o;

morphologyEx (image, im_o, MORPH_OPEN, e_struc);
namedWindow ("Opening", WINDOW_AUTOSIZE);

imshow ("Opening", im_o);

//closing

Mat im_c;

morphologyEx (image, im_c, MORPH_CLOSE, e_struc);
namedWindow ("Closing", WINDOW_AUTOSIZE);

imshow("Closing", im_c);

//opening and closing to Temove moise

5€
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Mat im_r;

morphologyEx(image, im_o, MORPH_OPEN, e_struc);
morphologyEx (im_o, im_r, MORPH_CLOSE, e_struc);
namedWindow ("Remove noise", WINDOW_AUTOSIZE);

imshow ("Remove noise", im_r);

//gradient

Mat g_struc = getStructuringElement (MORPH_RECT, Size(3, 3), Point (1, 1));
Mat im_g;

morphologyEx (image, im_g, MORPH_GRADIENT, g_struc);

namedWindow ("Gradient", WINDOW_AUTOSIZE) ;

imshow ("Gradient", im_g);

waitKey (0) ;
return O;

}

[o] C ﬁ c o < ’] o C Coc 80C, < Q@ o <
OGL]OS].GG’] 61(\)33900 ©320000 (L) ?C/: O’gcﬁqu?QﬁQQ?Q (=10 @’Jo&)&ll



.C. C)C\)EGO’DQ)OG&)OC o M o]
G Godreudapdesonlalodqp 9

B Original Image = m] X 1

BT Erosion — O X B Opening — O X

(b) Erosion (c) Dilation (d) Opening

B’ Closing — O X B Remove noise =3 O X ‘ B’ Gradient — O X

(e) Closing (f) Removing noise (g) Gradient
2.6 003266500 06500C056P:EN Sop203 &E:0n5665[QgE:n Openi E E
0 Q.G Qa8 > IO2QP:@N § O3 %coupac;@o@@an pening opC 39[§|Leqoc

C C

390)(73&{]08 quos)ago: ODéII Closing 038 @@ég GGTJC 39®(DQ{|03 G({IO(YSOg’JS &)éll
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2.9 @eepCsudegotaad(gsgp:

C < °

3Peees0d (Color space) ofopsfadiad 0od006) RGB HSV 23e[gnéendinn
C P S 8 ? 2 T

lo]

o

@eﬁooog)a o) G@g%g@(ﬂ@é [Gar+15; CE14]n HSV :JogQ 33@6108(7% 39@@5@330 @[@5@53|

L L
C

< CQ C C ° C < o CoO C
GﬂgGg@Col ?U)G@C., Q{I’LS’BOQ(T)Q{I’LQ’J GQ@CG@ @QEaOCODEII LL)U)O(BGJI (39@’_) GQOC

Q<. o~ o < oQ, C Co o < o C O N "I o
UB(BCQQ{I’J@(T? GQQQI(DGj 390)@0661’JC G@’JCoGOo&)@ @ﬁ%r?’.) OGDOQ@(T? ©322000 quo QS
C oc <
OgCGOgD&LCD\)&II

//File: color.cpp

//Description: Selective Color Modification
//WebSite: http://cool-emerald.blogspot.com

//MIT License (https://opensource.org/licenses/MIT)

//Copyright (c) 2017 Yan Naing Aye

#include <stdio.h>

#include <opencv2/opencv.hpp>

using namespace cV;

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

{

Mat image;

image = imread( o )3
if (!image.data) {

printf ( ) g

return -1;

}
namedWindow ( , WINDOW_AUTOSIZE);
imshow ( , image) ;

//Convert to hsw
Mat hsv;

cvtColor (image, hsv, COLOR_BGR2HSV) ;

//select pizels
//the range of H channel is 0-179.

//blue at 240 deg corresponds to 120 in H channel
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Mat bw;
inRange (hsv, Scalar(80, 0, 0), Scalar(140, 255, 255), bw);
namedWindow ( , WINDOW_AUTOSIZE) ;

imshow ( , bw);

//Manipulate pizels

for (int i = 0; i < image.rows; i++)
for (int j = 0; j < image.cols; j++)
if (bw.at<uchar>(i, j) > 128)

hsv.at<Vec3b>(i, j)[0] = (hsv.at<Vec3b>(i, j)[0] + 120) % 180;

//Convert to bgr
Mat im2;

cvtColor (hsv, im2, COLOR_HSV2BGR) ;

namedWindow ( , WINDOW_AUTOSIZE) ;

imshow ( , im2);

waitKey (0) ;
return O;

}

<, . S o 8 S N2,
quo QS GQGGTJCGﬂeQJQ)G@’JCoC\)@CoII

Qﬁoecjoqéogcc: cvtColor (733?@ RGB ¢ HSV C)%G@’_)ézwéll Opencv 085 Blue channel
ooé esqé@o%wén HSV space 038 eg[goesp&fo 240° ogéeiolsp Opencv @\ hue channel @

range 0 - 180 c?é sgq(j[qu Slon 120 o;%:qé@ogoap_gu o@e@ofz inRange oﬁ’) :xL)sj 80 - 140
C C o C ¢ o ¢ < (o] oc C N [y o

celopletiiczl=yelelSeHop) mask celeNI ol e eleplaviopietlob]l 39@00? cebiEHENpele e@oc:eﬁ 240
c ¢ Q < < C . N C 9 C ° co

QPRI $ QQI0O0PR30R00 pixel 00033|C:030: 120 coléom ezloekSe ] h onge: 180

codolon color space @l 30m05¢ [§§0 c0:Sc320p51 oBdae: RGB color space 23
CQP p ? § °61c? T & Tt ° P 1

@%G@’Jgg C)Oé 899’] qcooe:no QC\)Z%QPS(T% GGQ’J(YS(;] (OL) QS (788 @E%é&)éll
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SEN

e[;pé:cﬁsﬁ Discrete Fourier Transform (DFT) 03 23

L

(spatial domain) o @éﬁ%.?cf) :1%
éoa[a_gu 39@05390)32 M x N goleoao

0o OC <

L
Q00003 sfaogm 2 dimessional DFT c?c :chﬁ e@oé @% (inverse) DFT o%or% 6320050
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gfilter.cpp (ooqcc:z G.0) 088 GO&%SO&&SH

//File: freqfilter.cpp

//Description: filtering in frequency domain
//WebSite: http://cool-emerald.blogspot.com

//MIT License (https://opensource.org/licenses/MIT)

//Copyright (c) 2017 Yan Naing Aye

#include <stdio.h>

#include <iostream>

#include <opencv2/opencv.hpp>
using namespace std;

using namespace cv;
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/7

Create an image of complexz number type (2 channels to store

14 // real part and imaginary part) from an input grayscale image

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

43

44

45

//
/7
//
vo

{

/7

with an optimal size for DFT
src : single channel grayscale image input
dst : two channel complex image output

id i2z(Mat src, Mat& dst)

//get optimal size for dft
int m = getOptimalDFTSize (src.rows);

int n = getOptimalDFTSize (src.cols);

//change the image to optimal stize, padding O values at bottom and right
Mat im_padded;
copyMakeBorder (src, im_padded, O, m - src.rows, O, n - src.cols,

BORDER_CONSTANT, Scalar::all(0));
//convert the image to float type, create another one filled with zeros,
//and make an array of these 2 images
Mat im_array[] = { Mat_<float>(im_padded), Mat::zeros(im_padded.size(),

CV_32F) };

//combine as a 2 channel timage to represent a complexz number type image

Mat im_complex; merge(im_array, 2, im_complex);

im_complex.copyTo(dst);//copy to destination

convert a 2 channel complex image to a single channel grayscale image

// by getting magnitude, change scale, and normalize

// src : two channel complex image input

// dst : single channel grayscale image output

// LogScale : change to log scale or not

vo

{

id z2i(Mat src, Mat& dst, bool LogScale = false)

Mat im_tmp[2]; split(src, im_tmp);//split the complexz image to 2
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46
47
48
49
50
51
52
53
54
55 }

56

.J- [036§§2405@ BUTTERWORTH FILTER gps

Mat im_f; magnitude (im_tmp[0], im_tmp[1], im_£f);//get absolute wvalue

if (LogScale) {
im_f += Scalar::all(1);

//make minimum 1

log(im_£f, im_£f);//log scale

}

Mat im;

normalize(im_f, im, O, 255, NORM_MINMAX, CV_8U); //mormalize

im.copyTo(dst);//copy to

//im = Mat_<uchar>(im_f);

destination

st // rearrange the quadrants of a Fourier image

53 void fftshift(Mat src) {

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74 }

75

// make number of rows or columns even

src = src(Rect(0, 0, src.
int cx = src.cols / 2;
int cy = src.rows / 2;

cols & -2, src.rows & -2));

Mat qil(src, Rect(cx, 0, cx, cy));// Top-Right

Mat q2(src, Rect(0, 0, cx, cy));// Top-Left

Mat q3(src, Rect(0, cy, cx, cy));// Bottom-Left

Mat q4(src, Rect(cx, cy,
Mat tmp;

q2.copyTo (tmp) ;

g4 .copyTo(q2);

tmp . copyTo(q4) ;
ql.copyTo (tmp) ;
q3.copyTo(ql);

tmp . copyTo(q3) ;

cx, cy));// Bottom-Right

76 //Produce Gaussian filter in frequency domain

7 // height
8 // width
79 // std

)

80 // highpass: true=highpass,

height of the filter

width of the filter

false=lowpass

6o

standard deviation where intensity is 60/ (like cutoff frequency
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g1 Mat GaussianFilter (int height, int width, float std, bool highpass = false)
82 {

83 Mat im_filter = Mat::ones(Size(width, height), CV_32F);

84 float u, v, t;

85 int k = 0;

86 for (long i = 0; i < height; i++)

87 for (long j = 0; j < width; j++) {

88 u = i - height / 2;

89 v = j - width / 2;

90 t = exp(-(u*u + v*xv) / (2.0xstd*std));
91 if (highpass) t = 1 - t;//if high pass
) im_filter.at<float>(i, j) = t;

93 }

94 return im_filter;

95 }

9%

971 //Produce Butterworth filter in frequency domain

9 // height : height of the filter

9 // width : width of the filter

w0 // cutoffFreq:cutoff frequency where intensity is 50/

w1 // order : order n

102 // highpass: true=highpass, false=lowpass

103 Mat ButterworthFilter (int height, int width, float cutoffFreq, int order,
bool highpass = false)

104 {

105 Mat im_filter Mat::ones(Size(width, height), CV_32F);
106 float u, v, t;

107 int k = 0;

108 for (long i 0; i < height; i++)
109 for (long j = 0; j < width; j++) {

110 u = i - height / 2;

111 v j - width / 2;

112 t = (uxu + v*v) / (cutoffFreq*cutoffFreq);
113 if (highpass) t = 1 / t;//if high pass
114 for (long k = 1; k < order; k++) t *= t;//for order n

115 t =1/ (1 + t);
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116 im_filter.at<float>(i, j) = t;
117 T

118 return im_filter;

19 }

120
121 //Add Gaussian mnoise

122 // src : single channel grayscale image input

123 // dst : single channel grayscale image output

124 // mean: mean

s // std: standard deviation

126 void GaussianNoise(Mat src, Mat& dst, float mean, float std)
127 {

128 Mat noise = Mat(src.size(), CV_32F);

129 randn(noise, 0, 0.05);

130 Mat im;

131 normalize(src, im, 0.0, 1.0, NORM_MINMAX, CV_32F);

132 im += noise;

133 normalize(im, im, O, 255, NORM_MINMAX, CV_8U); //normalize
134 im.copyTo(dst);//copy to destimation

135 }

136

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

138 {

139 //Get an image

140 Mat image = imread("C:/opencv/lake.jpg", IMREAD_GRAYSCALE);

141 if (!image.data) {

142 printf ("No image data \n");
143 return -1;
144 i

145 namedWindow ("Original Image", WINDOW_AUTOSIZE);

146 imshow("Original Image", image);

147

148 Mat im_complex; i2z(image, im_complex);//convert to complexz type
149 dft (im_complex, im_complex);//perform discrete fourier transform
150

151 //display Fourtier spectrum
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152
153
154
155
156
157

158

159

160
161
162
163
164
165
166
167
168
169

170

171
172
173
174
175
176
177
178
179

180 }

Mat im_f; z2i(im_complex, im_f, true);//convert to grayscale
fftshift (im_£);//shift quadrants to make the center origin
namedWindow ("Freq domain Image", WINDOW_AUTOSIZE);

imshow ("Freq domain Image", im_f);

//Get a filter (freq domain)

//Mat im_filter = ButterworthFilter (im_complexz.rows, im_complexz.cols, 50,2,
true);

Mat im_filter = GaussianFilter (im_complex.rows, im_complex.cols, 50, false)

namedWindow ("Filter", WINDOW_AUTOSIZE) ;

imshow ("Filter", im_filter);

fftshift (im_filter);//shift quadrants for matching
//multiply in freq domain (convolve in spatial domain)
Mat im_array[2]; split(im_complex, im_array);
im_array[0] = im_array[0] .mul(im_filter);
im_array[1] = im_array[1].mul(im_filter);

merge (im_array, 2, im_complex);//combine these 2 into a complex image

dft(im_complex, im_complex, DFT_INVERSE);//perform inverse discrete fourier
transform

Mat im_hp; z2i(im_complex, im_hp);//get grayscale

GaussianNoise (im_hp, im_hp, 0, 0.05);//add noise

namedWindow ("Filtered Image", WINDOW_AUTOSIZE);

imshow("Filtered Image", im_hp);

//save the result
imwrite("C:/opencv/blur. jpg", im_hp);
waitKey (0) ;

return O;
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//File: deblur.cpp
//Description: Wiener filtering
//WebSite: http://cool-emerald.blogspot.com

//MIT License (https://opensource.org/licenses/MIT)
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5 //Copyright (c) 2017 Yan Naing Aye

7 #include <stdio.h>

g #include <iostream>

9 #include <opencv2/opencv.hpp>

10 using namespace std;

11 using namespace CvV;

13 //Create an timage of complex number type (2 channels to store

14 // real part and imaginary part) from an input grayscale image

15 // with an optimal size for DFT

16 // src : single channel grayscale image input

1w // dst : two channel complexz image output

18 void i2z(Mat src, Mat& dst)

19 {
20
21
2
23
24
25

26

27
28
29

30

31
2
33
34
35
36 }

37

//get optimal size for dft
int m = getOptimalDFTSize (src.rows) ;

int n = getOptimalDFTSize (src.cols);

//change the image to optimal size, padding O values at bottom and right
Mat im_padded;
copyMakeBorder (src, im_padded, 0, m - src.rows, O, n - src.cols,

BORDER_CONSTANT, Scalar::all(0));

//convert the image to float type, create another one filled with zeros,

//and make an array of these 2 images

Mat im_array[] = { Mat_<float>(im_padded), Mat::zeros(im_padded.size(),
CV_32F) 1};

//combine as a 2 channel image to represent a complex number type image

Mat im_complex; merge (im_array, 2, im_complex);

im_complex.copyTo(dst);//copy to destimnation

8 // convert a 2 channel complex image to a single channel grayscale image
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39 // by getting magnitude, change scale, and normalize

40 // src : two channel complexz image input

41 // dst : single channel grayscale image output

42 // LogScale : change to log scale or mnot

43 void z2i(Mat src, Mat& dst, bool LogScale = false)

44 {

45 Mat im_tmp[2]; split(src, im_tmp);//split the complex image to 2

46 Mat im_f; magnitude (im_tmp[0], im_tmp[1], im_£f);//get absolute walue

47 if (LogScale) {

48 im_f += Scalar::all(1);//make minimum 1
49 log(im_£f, im_£f);//log scale
50 }

51 Mat im;

52 normalize(im_f, im, O, 255, NORM_MINMAX, CV_8U); //normalize
53 //im = Mat_<uchar>(im_f);

54 im.copyTo(dst);//copy to destination

55}

56

s1 // rearrange the quadrants of a Fourtier image

ss void fftshift(Mat src) {

59 // make number of rows or columns even

60 src = src(Rect(0, O, src.cols & -2, src.rows & -2));
61 int cx = src.cols / 2;
62 int cy = src.rows / 2;

63 Mat ql(src, Rect(cx, 0, cx, cy));// Top-Right
64 Mat g2(src, Rect(0, 0, cx, cy));// Top-Left

65 Mat g3(src, Rect(0, cy, cx, cy));// Bottom-Left
66 Mat q4(src, Rect(cx, cy, cx, cy));// Bottom-Right
67 Mat tmp;

68 q2.copyTo (tmp) ;

69 q4.copyTo(q2);

70 tmp.copyTo(q4);

71 ql.copyTo (tmp) ;

7 q3.copyTo(ql);

73 tmp . copyTo(q3) ;
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104

106

107

108
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//Produce Gaussian filter in frequency domain

// height : height of the filter

// width : width of the filter

// std : standard deviation where intensity is 60J (like cutoff frequency

)
// highpass:

true=highpass,

false=lowpass

Mat GaussianFilter (int height, int width, float std, bool highpass = false)

{

Mat im_filter

float u, v,
int k = 0;

for (long i

for (long
u=1i -
v =] -
t =

if (highpass) t = 1 - t;//%if high pass

im_filter.at<float>(i, j)

}

t;

J

0;

Mat ::ones(Size(width, height), CV_32F);

i < height;

i++)

0; j < width; j++) {

height / 2;

width / 2;

return im_filter;

exp(-(u*u + v*v) / (2.0*std*std));

= t;

//Produce Butterworth filter in frequency domain

// height : height of the filter

// width : width of the filter

// cutoffFreq:cutoff frequency where intensity ts 50/

// order : order n

// highpass:

true=highpass,

false=lowpass

Mat ButterworthFilter (int height, int width,

bool highpass

Mat im_filter

float u, v,
int k = 0;

for (long i

t;

0;

= false)

float cutoffFreq,

Mat::ones(Size(width, height), CV_32F);

i < height;

i++4)

int order,
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109 for (long j = 0; j < width; j++) {

110 u = i - height / 2;

11 v j - width / 2;

12 t = (uxu + vxv) / (cutoffFreq*cutoffFreq);

113 if (highpass) t = 1 / t;//if high pass

114 for (long k = 1; k < order; k++) t *= t;//for order n
115 t =1/ (1 + t);

116 im_filter.at<float>(i, j) = t;

117 }

118 return im_filter;

19 }

120
121 int main(int argc, char** argv)

122 {

123 //Get an image

124 Mat image = imread("C:/opencv/blur.jpg", IMREAD_GRAYSCALE);

125 if (!image.data) {

126 printf ("No image data \n");
127 return -1;
128 }

129 namedWindow ("Original Image", WINDOW_AUTOSIZE);

130 imshow ("Original Image", image);

131

132 Mat im_complex; i2z(image, im_complex);//convert to complez type

133 dft(im_complex, im_complex);//perform discrete fourier transform

134 Mat im_co; im_complex.copyTo(im_co);//keep original DFT copy

135

136 //Estimate Signal power spectrum, take low freq part as signal

137 //Get a low pass filter (freq domain)

138 Mat im_filter = ButterworthFilter (im_complex.rows, im_complex.cols, 100,2,
false) ;

139 fftshift(im_filter);//shift quadrants for matching

140 //multiply in freq domain (convolve in spatial domain)

141 Mat im_array[2]; split(im_complex, im_array);

142 im_array[0] = im_array[0] .mul(im_filter);

143 im_array [1] im_array[1] .mul(im_filter);
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167

168
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170
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176

177
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merge (im_array, 2, im_complex);//combine these 2 into a complexz image

dft(im_complex, im_complex, DFT_INVERSE);//perform inverse discrete fourier
transform

Mat im_signal; z2i(im_complex, im_signal);//get grayscale

//Estimate mnoise
Mat imsps = Mat_<float>(im_signal);//convert image signal to float
Mat imor = Mat_<float>(image);//convert original image to float

Mat imnps = imor - imsps;//get noise

//8%ignal to moise ratio

imsps = imsps.mul (imsps);//get signal power spectrum
imnps = imnps.mul (imnps);//get noise power spectrum
float signalpower = sum(imsps) [0];

float noisepower = sum(imnps) [0];

float snr = signalpower / noisepower;

printf ("snr: %f \n", snr);

//Get the known degrading function
Mat im_df = GaussianFilter (im_complex.rows, im_complex.cols, 50, false);

fftshift(im_df);//shift quadrants for matching

//Wiener filtering

Mat h2 = im_df .mul (im_df);//magnitude square

Mat dbH = (h2 / (h2 + (1 / snr)))/im_df;

//multiply in freq domain (convolve in spatial domain)
Mat im_coar[2]; split(im_co, im_coar);

im_coar [0] = im_coar [0].mul (dbH) ;

im_coar[1] = im_coar[1].mul (dbH) ;

merge (im_coar, 2, im_co);//combine these 2 into a complex image

//Convert the DFT result into grayscale
dft(im_co, im_co, DFT_INVERSE); //perform inverse discrete fourier
transform

Mat im_deblur; z2i(im_co, im_deblur);//get grayscale
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namedWindow ("Deblurred Image", WINDOW_AUTOSIZE);

imshow("Deblurred Image", im_deblur);

//save the result
imwrite("C:/opencv/deblur. jpg", im_deblur) ;
waitKey (0) ;

return O;

mqf:: G.J: Wiener Filtering
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0 6.G: Noise ooej 6]:@@@330{)(73 Wiener filter @8 deblur C\Pﬁ@:w&fv 3 §) Q006200 qco:Su
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[GWE04] R.C.Gonzalez, R.E. Woods, and S.L. Eddins. Digital Image Processing Using MAT-
LAB. Pearson Prentice Hall, 2004. isbn: 9780130085191. url: https://books.
google.co.in/books?id=YYuJQgAACAAJ.


https://books.google.co.in/books?id=YYuJQgAACAAJ
https://books.google.co.in/books?id=YYuJQgAACAAJ
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[Opel5] OpenCV. Discrete Fourier Transform. 2015. url: http://docs.opencv.org/3.

1.0/d8/d01/tutorial _discrete_fourier_ transform.html.


http://docs.opencv.org/3.1.0/d8/d01/tutorial_discrete_fourier_transform.html
http://docs.opencv.org/3.1.0/d8/d01/tutorial_discrete_fourier_transform.html
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1 #include <stdio.h>

Q
:string to_string(int i)
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¢ O e
s 7 g

3 #include <opencv2/opencv.hpp>

2 #include <iostream>
4 #include <string>

5 using namespace std;
6 using namespace CV;

7 std:
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{

std::stringstream ss;

ss << 1i;

return ss.str();

}

int main(int argc, charxx argv)

{

//VideoCapture cap (0);//Default camera

VideoCapture cap("/home/yan/sensor .mp4");//open video file
//VideoCapture cap ("c:/opencv/sensor.mp4"); //open video file
if (!'cap.isOpened()) {

printf ("Video is not opened. \n");

return -1;

}

else {

printf ("Video is opened. \n");

}

union { int v; char c[5]; } uEx;
uEx.v = static_cast<int>(cap.get (CV_CAP_PROP_FOURCC));
uEx.c[4] = '\0';

printf ("Codec: %s \n",uEx.c);

Size S = Size((int)cap.get (CV_CAP_PROP_FRAME_WIDTH) , (int)cap.get (
CV_CAP_PROP_FRAME_HEIGHT)) ;

printf ("Frame size: %d x %d \n",S.width,S.height);

double rate = cap.get(CV_CAP_PROP_FPS);//Frame rate
printf ("Frame rate: %f \n", rate);

int dperiod = 1000 / rate;
int ¢ = cap.get (CV_CAP_PROP_FRAME_COUNT) ;
printf ("Frame count: %d \n", c);

namedWindow ("Frame", 1);

int ex = CV_FOURCC('M', 'J', 'P', 'G');
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//int ex = CV_FOURCC('X', 'V', 'I', 'D');//https://www.zvid.com/
//int ex = -1;//pop up window to choose

//const string vpath="c:/opencv/vdowr.avi";

const string vpath="/home/yan/vdowr.avi";

VideoWriter outputVideo(vpath, ex , rate, S, true);

if (!outputVideo.isOpened())

{

cout << "Could not open the output video to write."<< endl;
waitKey (5000) ;

return -1;

}

long ms,p;

Mat frame,img;

string str;

for (int i = 0;; i++) {

if (!cap.read(frame)) break;

p = cap.get (CV_CAP_PROP_POS_FRAMES) ;

//printf ("Frame: %1d \n", p);

ms = cap.get (CV_CAP_PROP_POS_MSEC);

str = to_string(ms) + " ms";

rectangle (frame, Point (10, 10), Point (200, 60), CV_RGB(255, 0,0), CV_FILLED);

putText (frame, str, Point (25, 45) ,FONT_HERSHEY_PLAIN,2.0, CV_RGB(0, 255, 0),
2.0);

outputVideo << frame;

imshow ("Frame", frame);
if (waitKey(dperiod) == 27) break; //if 'Esc' key is pressed
}

cap.release();
outputVideo.release () ;
//waitKey (5000) ;
return O;

}
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#include <stdio.h>

#include <opencv2/opencv.hpp>
#include<string>

using namespace std;

using namespace CV;

String face_cascade_name =
String eyes_cascade_name =
CascadeClassifier face_cascade;

CascadeClassifier eyes_cascade;

void detectAndDisplay(Mat frame)

File Edt Tabs belp

. o] (N
facedetection SV O

Q<

o) <

Q 09°

@

o Cas-

3o


http://docs.opencv.org/2.4/doc/tutorials/objdetect/cascade_classifier/cascade_classifier.html
http://docs.opencv.org/2.4/doc/tutorials/objdetect/cascade_classifier/cascade_classifier.html
https://github.com/yan9a/opencv/tree/master/facedetection
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std::vector<Rect> faces;

Mat frame_gray;

cvtColor (frame, frame_gray, CV_BGR2GRAY);

equalizeHist (frame_gray, frame_gray);

//-- Detect faces
face_cascade.detectMultiScale (frame_gray, faces, 1.1, 2, 0 |

CV_HAAR_SCALE_IMAGE, Size(120, 120));

for (size_t i = 0; i < faces.size(); i++)

{
Point center(faces[i].x + faces[i].width*0.5, faces[i]l.y + faces[i].
height*0.5) ;
ellipse(frame, center, Size(faces[i].width*0.5, faces[i].height*0.5), O,

0, 360, Scalar(255, 0, 255), 4, 8, 0);

Mat faceROI = frame_gray(faces[i]);

std::vector<Rect> eyes;

//-- In each face, detect eyes
eyes_cascade.detectMultiScale(faceR0I, eyes, 1.1, 2, 0 |

CV_HAAR_SCALE_IMAGE, Size(30, 30));

for (size_t j = 0; j < eyes.size(); j++)
{

Point center(faces[i].x + eyes[j]l.x + eyes[j]l.widthx*0.5, faces[i].y +
eyes[jl.y + eyes[j].height*0.5);

int radius = cvRound((eyes[j].width + eyes[j].height)*0.25);

circle(frame, center, radius, Scalar (255, 0, 0), 4, 8, 0);

}
//-- Show what you got

imshow ("Frame", frame);
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§).J- REAL-TIME FACE DETECTION 0
int main(int argc, char** argv)
{
//Load the cascades
if (!face_cascade.load(face_cascade_name)) { printf("--(!)Error loading\n")
; return -1; };
if (leyes_cascade.load(eyes_cascade_name)) { printf("--(!)Error loading\n")

; return -1; };

VideoCapture cap(0);//Default camera

//VideoCapture cap ("/home/yan/faces.mp4");//open video file
//VideoCapture cap("c:/opencv/face.mp4"); //open video file
if (!cap.isOpened()) { printf("Video is not opened.
else { printf("Video is opened. \n");
union { int v; char c[5];

uEx.v = static_cast<int>(cap.get (CV_CAP_PROP_FOURCC)) ;

uEx.c[4] = '\0';

printf ("Codec: %s \n",

cap.set (CAP_PROP_FRAME_WIDTH,
cap.set (CAP_PROP_FRAME_HEIGHT, 720);

cap.set (CAP_PROP_FPS, 30);

Size S = Size((int)cap.get (CV_CAP_PROP_FRAME_WIDTH),

} uEx;

uEx.c);

CV_CAP_PROP_FRAME_HEIGHT));

printf ("Frame size: %d x %d \n", S.width, S.height);

double rate = cap.get(CV_CAP_PROP_FPS);//Frame rate

printf ("Frame rate: %f \n",

int dperiod = 15;

long p = O;
Mat frame, img;
string str;

for (int i = 0;; i++)

rate) ;

1280) ;

(int)cap.get(
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if (!cap.read(frame)) break;

detectAndDisplay (frame) ;

if (waitKey(dperiod) == 27) break; //if 'Esc' key is pressed
}
cap.release();

//waitKey (5000) ;

return O;
}
00q E: 5).J: Real-time face-detection
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Cw » [} IN o¢Q . .
Q[Ps320: OCY8 $ haarcascade_eye_tree_eyeglasses.xml Selovied) ocqp: 3908

ﬁs&@én OE:) 8847”02 ooé “C:/opencv/sources/data/haarcascades” :fé@u?org
“/home/username/opencv/data/haarcascades” esaomogc qwgn eﬂm§\o §c cﬂ od QWHSTok
saogoo CascadeClassfier object ‘?‘D?O? e@@o @m load 0?3?@ 39@901 (Lsc q[:3203
worgoop_gn

oc¢ C Q0 O O ¢ ¢ . . (o] < [o Xy <
29 §¢ ooe@opj Q30Y 0§ ¢ VideoCapture object o) e@@o 0 33 OC §o0p0
Q o < C C N C C C C QO o < .

32003 0 O :Dsoopj 320300 20¢ O 0RC 0P00C C0DEIID MICHED M) 2001 VideoCap-
ture & get o 35:6] LY §gof§ &) setting qp:orc?) wo&%é@m set cy% o?ej C\%:D(\% @E%E
j N C < o C CoQ t C ¢ o ¢ < o N
oopju o)) osaoqe eple @ogoo YOS PO &C @ﬁ@@ set &¢ @cogm 2001 0QE$IM

@0905 ooo%eg@& (905@ detectAndDisplay (9§g1<°:(rc§ afP:ooo q|05§o orcg’ Nelyke 3&: @wén

<

. ¢ < [N o _o
detectAndDisplay 6§q¢ 0p¢ 0§503 aa(g| mepds e[goteq) detectMultiScale 03 ad:q)
220251 206N 6690 630050] 303E: (g&2005n
A ! 9 o L ®
void CascadeClassifier::detectMultiScale(const Mat& image,
vector<Rect>& objects, double scaleFactor=1.1,
int minNeighbors=3, int flags=0,

Size minSize=Size (), Size maxSize=Size())
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[Lagl4] Robert Laganiere. OpenCV Computer Vision Application Programming Cook-
book. 2nd. Packt Publishing, 2014. isbn: 1782161481, 9781782161486.

[Opeldb] OpenCV. putText: Draws a text string. 2014. url: http://docs. opencv.org/
3.0-beta/modules/imgproc/doc/drawing_functions.html#puttext.

[Opel6e] OpenCV.VideoCapture Class Reference. 2016. url: http://docs.opencv.org/
3.2.0/d8/dfe/classcv_1_1VideoCapture.html.

[Opel7c] OpenCV. Cascade Classifier. 2017. url: http://docs.opencv.org/2.4/doc/

tutorials/objdetect/cascade_classifier/cascade_classifier.html.

[Opel7m] OpenCV. VideoWriter Class Reference. 2017. url: http://docs.opencv.org/

trunk/dd/d9e/classcv_1_1VideoWriter.html.
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B.o Connected Component Labeling
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int cv::connectedComponents ( InputArray image,
OutputArray 1labels,

int connectivity = 8,

int 1ltype = CV_32S

)
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int cv::connectedComponentsWithStats ( InputArray image,
OutputArray 1labels,

OutputArray stats,

OutputArray centroids,

int connectivity = 8,

int 1type = CV_32S

)

stats 093 stats(label, COLUMN) @cc: qw%é@s column &>

L

CC_STAT_LEFT
CC_STAT_TOP
CC_STAT_WIDTH
CC_STAT_HEIGHT
CC_STAT_AREA

CC_STAT_MAX

O% 0)0%9@ @OSOD CII &)U%(‘Eﬁ o ’.)(7% GS’DC)O’SO'] [»8] E° @ o) 8 G gECD QII
w? [ 82 Lk §|L§ T 61 e 08 CE;L 82

#include <stdio.h>

#include <iostream>

#include <opencv2/opencv.hpp>

using namespace std;

using namespace cv;

int main ()
{

//Read original image

Mat src;

src = imread/( » 0);

if (!src.data) { printf( ); return -1; }
// scale - to make it conventient to print out and see

Mat ims; resize(src, ims, Size(16, 8));

8%FN8§E§88§W38
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G.o. CONNECTED COMPONENT LABELING

Mat imb; threshold(ims, imb, 128, 255

>

CV_8U);// make binary

namedWindow ("Original Image", WINDOW_AUTOSIZE) ;

imshow("Original Image", imb);

cout << "Original" << endl << imb << endl << endl;

//Connected components

Mat imr; int N=connectedComponents (imb, imr) ;

cout << "CCL" << endl << imr << endl << endl;

©qQ

cout<<"Number of components: "<< N-1 << endl;// 0 is background

//Connected components with stats

Mat cc, sts, ctd; N=connectedComponentsWithStats (imb, cc, st

//get area column except background

Mat A(sts, Rect(CC_STAT_AREA, 1, 1, sts.rows - 1));

// Localizing the biggest component
double minVal, maxVal;

Point minLoc, maxLoc;

minMaxLoc (A, &minVal, &maxVal, &minLoc,

printf ("Max area is %1f at label %d .\n", maxVal,

&maxLoc) ;

s,

ctd, 8);

(maxLoc.y + 1));

printf ("Centroid of the biggest component: [%f,%f] \n", ctd.at<double>(maxLoc

.y + 1, 0), ctd.at<double>(maxLoc.y + 1, 1));

waitKey (0) ;

return O;
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http://docs.opencv.org/3.2.0/d7/d1b/group__imgproc__misc.html#gae8a4a146d1ca78c626a53577199e9c57
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30g&ea0:c0520pdI 0Be§005 32005003 (gé:del 083:03 cout && §05(goopd 0z05
Cgge=0s 2l ey ? (§¢ $¢: $¢ 9 2 3093
(o] oc
&¢
L

C ¢ <Q N cor¢ C
console 080 aooo@oc;@eoao 390)0’)&{]03(7? éﬂ(DO)@g C

%
3

. c O oc
Region gp:e 326632030503 cop&&(s stats e are ©
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G.; Template Matching

0o OC < C < C o o o c O ¢ 9 <
(I_)GlOUDQQLDOBC ODU,)?U)(I)'DQGOD'D LL)<D §?§9§‘9 (Y?('YD@OD[D;OD G§q0

oeg(gcsaen: Template

2. 0¢ Q ﬁ o o
OOO%CCD&II &I)LG] (B@(J-)O

(o]
o
T
(o]
(08)
[l

Matching o?eaTeéu o?goSL gpegeﬁ matchTemplate [Opel7k]
6320(78()']390%83@0%33&0”

L
void cv::matchTemplate ( InputArray image,
InputArray templ,
OutputArray result,
int method,

InputArray mask = noArray()

)
Template matching methodeo Gsaorﬁ(ﬂo%@ oooo):i)? @o%%éooén

TM_SQDIFF
TM_SQDIFF_NORMED
TM_CCORR
TM_CCORR_NORMED
TM_CCOEFF

TM_CCOEFF_NORMED
o Q9 Q N N oc¢ N
§E|Ec?’3 06306160? GG@’JU)LS] ®061C8 @J %)C GOQ;%COJ@II
1 #include

2 #include


http://docs.opencv.org/3.2.0/d2/de8/group__core__array.html#gab473bf2eb6d14ff97e89b355dac20707
http://docs.opencv.org/3.2.0/d2/de8/group__core__array.html#gab473bf2eb6d14ff97e89b355dac20707
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/template_matching/template_matching.html
http://docs.opencv.org/3.2.0/df/dfb/group__imgproc__object.html#ga3a7850640f1fe1f58fe91a2d7583695d
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o 2982 6. 3§53(g6:09:000¢pey(ge:qp:
G g8 D QROBFOIN0OEY(FCiqos
#include <iostream>

#include <stdio.h>

using namespace std;

using namespace cCvV;

/// Global Variables
Mat img; Mat templ; Mat result;

int match_method;

void MatchingMethod (int, voidx)

{

// Source timage to display with rectangle overlay
Mat img_display;

img.copyTo (img_display);

// Do the Matching and Normalize
matchTemplate (img, templ, result, match_method);

normalize (result, result, O, 1, NORM_MINMAX) ;

// Localizing the best match with minMazLoc
double minVal, maxVal;
Point minLoc, maxLoc, matchLoc;

minMaxLoc (result, &minVal, &maxVal, &minLoc, &maxLoc, Mat());

// For SQDIFF and SUDIFF_NORMED, the best matches are lower values.

// For all the other methods, the higher the better

if (match_method == CV_TM_SQDIFF || match_method == CV_TM_SQDIFF_NORMED) {
matchLoc = minLoc; 1}
else { matchLoc = maxLoc; }

// Show me what you got

Point matchLoc2(matchLoc.x + templ.cols, matchLoc.y + templ.rows);
rectangle (img_display, matchLoc, matchLoc2, Scalar::all(0), 2, 8, 0);
rectangle (result, matchlLoc, matchLoc2, Scalar::all(0), 2, 8, 0);

imshow ("Source", img_display);
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imshow ( , result);

}

int main()

{

/// Load image and template

img = imread( ) 3

templ = imread( )

/// Create windows

namedWindow ( , CV_WINDOW_AUTOSIZE);
namedWindow ( , CV_WINDOW_AUTOSIZE);
namedWindow ( , CV_WINDOW_AUTOSIZE) ;
imshow ( , templ);

/// Create Trackbar
createTrackbar ( s , &match_method, 5, MatchingMethod) ;

MatchingMethod (0, 0);

waitKey (0) ;
return O;

}

< C C o o Q ¢ O ¢ @9 C
O)’JGICZ GJ OJO’J?U) 00236200 LL)O) U)O)@L c?(oi O?(T)gGOD’J Gc%él’.) 32908 eﬂoeg@czn

@ﬁ oéﬁoqéogé ﬁ%q&c}?cf: spegc\%:)oef 00 (template) o%oﬁ’) oo%@m trackbar ¢

o < < t h th d oC. t l t C o ¢ 9 o (o] ol C

6§3]oo0pY matching method 3203C: template §¢ 30P00P080: 6§60 O 9§ CIORC
< . C < co (o] . C <
o201 Template matching ogooejepo@ 008@3q3) result window o3¢ @aop_ou

qeodgpieo  CV_TM_SQDIFF &  CV_TM_SQDIFF_NORMED  spS:qpiascg0d
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6.5. HARRIS CORNER DETECTOR R

G.Q Harris Corner Detector

C C

Qﬁ @@c:ogccz 3938839@8%)3 ﬁpeg@ ¢ (feature detection) §9§2 396§§CE cornerHarris

O o . C o0OC cC O c C c
020000 Harris-Stephens method s¢ 06§00009¢) ©000¢QPs30s gpeg@c: sge@oc:

—

ooccz@eg_g [Opel7e]i cornerHarris & Cl)o") ¢ 6320050 craor%cc:z @éwén

void cornerHarris(InputArray src, OutputArray dst,
int blockSize, int ksize, double k,

int borderType=BORDER_DEFAULT )

[] [NJRe) Q Q Q N
§(I%-§’_) OGJOQG(Q 0)’)61C8 @Q OgCG(&’.)@OO’JZOD@II
#include
#include
#include <iostream>

#include <stdio.h>

using namespace std;

using namespace CV;

int main ()

{
/// Load image and template
Mat img = imread( ,0);
namedWindow ( , CV_WINDOW_AUTOSIZE);

imshow ( , img);

// Detect Harris Corners

Mat cornerStrength;

cornerHarris (img, cornerStrength,3,3,0.01);

normalize (cornerStrength, cornerStrength, 0, 255, NORM_MINMAX, CV_8U);
namedWindow ( ,CV_WINDOW_AUTOSIZE) ;

imshow ( , cornerStrength);

// threshold the corner strengths

Mat harrisCorners;

threshold (cornerStrength, harrisCorners,24, 255, cv::THRESH_BINARY);

namedWindow ( , CV_WINDOW_AUTOSIZE) ;


http://docs.opencv.org/2.4/doc/tutorials/features2d/trackingmotion/harris_detector/harris_detector.html

@9 3’39%8 G (‘,36018%)@583\?333861’369@88&{]’)8

imshow ( , harrisCorners);
waitKey (0) ;

return O;
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#include <stdio.h>

#include <math.h>

#include <opencv2/opencv.hpp>

#include <iostream>

using namespace std;

using namespace cv;

int main ()

{

Mat image;

image = imread("C:/opencv/MyanmarMap6.PNG", IMREAD_GRAYSCALE);
if (!image.data) { printf("No image data \n"); return -1; }

namedWindow ("Display Image", WINDOW_AUTOSIZE);

imshow ("Display Image", image);
double latNorth = 28.55;
double latSouth = 9.84;

double logEast = 101.17;

double logWest = 92.17;

double sxi = 0, syi = 0;//for <image

double slat = 0, slog = 0;//for latitude and longitude
double cslat = 0, cslog = 0;//with compensation for

// Universal Transverse Mercator (UTM) coordinate system
double si = 0;

double ilat, jlog;

double ci = 0;//compensated intensity

double sci = 0;//summation of c%

const double PI = 2 * acos(0.0);//get PI


https://en.wikipedia.org/wiki/Mercator_projection

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

G.g. @%@o%ééeﬁoo%

//Manipulate pizels

long h = image.rows;

long w = image.cols;

long ithreshold = 138;

for (long i = 0; i < h; i++)

for (long j = 0; j < w; j++)

if (image.at<uchar>(i, j) > ithreshold) {

si += 1;//uniform pizel intensity

sxi += j;

syi += 1ij;

ilat = latNorth - (latNorth -

jlog = logWest + (logEast - logWest)*double(j) / double(w - 1);

slog += jlog;

slat += ilat;

ci = cos(ilat*PI / 180.0);
BEdl = @il

cslog += jlog*cij;

cslat += ilat*ci;

}

//image centrotid

double cx = sxi / si;

double cy = syi / si;

latSouth) *double(i) / double(h -

//latitude and longitude centrotid

double lat = slat / si;

double log = slog / sij;

//compensated latitude and longitude centroid

double clat = cslat / sci;

double clog = cslog / scij;

printf ("Centroid row col: [ %f
printf ("Centroid lat log: [ %f

printf ("Centroid lat log: [ %f

, #f 1 for image pixels. \n", cx,

, hf 1 \n", lat, log);

, #f 1 after compensation for Mercator

projection.\n", clat, clog);

1);

cy);

G
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62 waitKey (0);
63 return O;
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[Opel6b] OpenCV. Connected component labeling. 2016. url: http://docs . opencv.
org/3.2.0/d3/dc0/group__imgproc__shape.html.


http://docs.opencv.org/3.2.0/d3/dc0/group__imgproc__shape.html
http://docs.opencv.org/3.2.0/d3/dc0/group__imgproc__shape.html
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[Opel7e] OpenCV. Harris corner detector. 2017. url: http://docs . opencv . org/2.
4 /doc / tutorials / features2d / trackingmotion / harris _detector /

harris_detector.html.

[Opel7k] OpenCV. Template matching. 2017. url: http://docs . opencv.org/2.4/
doc/tutorials/imgproc/histograms/template _matching/template _

matching.html.


http://docs.opencv.org/2.4/doc/tutorials/features2d/trackingmotion/harris_detector/harris_detector.html
http://docs.opencv.org/2.4/doc/tutorials/features2d/trackingmotion/harris_detector/harris_detector.html
http://docs.opencv.org/2.4/doc/tutorials/features2d/trackingmotion/harris_detector/harris_detector.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/template_matching/template_matching.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/template_matching/template_matching.html
http://docs.opencv.org/2.4/doc/tutorials/imgproc/histograms/template_matching/template_matching.html
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GUI Applications with wxWidgets

wxWidgets o> Windows 1 Linux § Mac OSX 320 §op ocoobewnts 3q):q): eoleo GUI appli-
cations 603 6628 30305 C++ library oli 20§ GUI code 6oy 648t 6 vcvndewos 34):q):

C (9] QcC C QN < . C C O c o <
c0len m§ 03 B35[gE ogp 630 0§:(G: compile AwSI run w6 qclosadi 8 3asien
OpenCV o3 wxWidgets § 0325:03 aa6(030Cs cageegs Cleddil

. < < < N ’] o Coc¢ N
wxWidgets oo free copd:cos open source copOs @@ o software ol 03030C 68020

COR 00005 SBEE CVPS: IDB MNSIVCIFOD 602 B8 Olons [wxWIs]H 333lon Qt & 38
%) T Lq ?_,3" QJ-D % QI 08 Sl i’ '?o
@o@ozq(ﬁ ol Qt oo LGPLV3 C\%(CZODE orcg’ free Gozooo:@m or%ogccé(c: o%:gozeq: 390805 :Jf?z@

s

Q C

¢ o¢c ¢ co O C Q0 <
oooe@og QQCOC 0VOG CVBMNOCE V&L VIOV [Qt17Nn

o ¢ < C C o
SQEC DO§02]I0> 029, ?

o o] . o [e] N
2080028 0200 wxWidgets 20309 €000y GUI
e

coRU 35203 platform 303¢s 07200:00 O 02003 do0: o0l
[wxW12]i Standard C++ (736 o?soooz@: Qt o%a% 32008 extension clep) 3? ©C003 05 saogorc)
i\éeog:g% ﬁs[:)_gzooo mmé: epploren) 39@05 ooézecﬂn

wxWidgets § § 000} binary application eogu 620:c0S 6glol: 0308 embedded system
eogsaogorg 32008 2066025 Slonodi G@D(ﬁooogél library 39‘510539%3 clep o])éqcczco&cz R0E
:33&7% Qt library or% ooéaof:qé ~ 200 MB ca00d :39@05 eﬁeoeo§ wxWidgets library oo
~ 30 MB 600050 0adlonodi

wxWidgets oo C++ 390305 200 0 python, perl, php, java, lua, lisp, erlang, eiffel, C#
(.NET), BASIC, ruby %javascript 390805 GOOO(%@ bindings [wxW15a] o ﬁ(ﬂooogn wxWid-

gets o0 o560 @p_g@ qctfoqj(f) o) GUI toolkits @Q%@ZI utility classes C\)é: 39@102[(1’93:
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http://wxwidgets.org/
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20 | 399%3 Q. GUI APPLICATIONS WITH WXWIDGETS

o [o] C < C [N . N [N c <

0796 GMOCiE$ 20¢e0d 0y GUI toolkits 36§ P3$:80 qlcdlmoon
. (o] o N N c Q [o] N\ Q N o
WXWIdgetS O? SGD?e@LOQ DT?GOBI 3995390)@0608 39&{]’)0@0 Gﬂ@o 323 39@?’) C\B:D

02060300 NASA, AMD, Xerox, $ Open Source Applications Foundation (OSAF) or% @0%(5]0005”
ooégpzor:) wxWidgets applications cogon AVG AntiVirus, Audacity, Filezilla, Code::Blocks,

Codelite or% @o%d]oooﬁu

Q2 Linux ogécn(saoé@é:

wxWidgets 03 Linux &0 00058320005 6320050 @068 0.0 3205¢: terminal command
g L ?Q 82u og q °(} e ?0
o ¢ C N N cC o¢C <
GOQGD(D@Z 02090C0PYIPCE&C 0lODVS [WxW14]i
sudo apt-get update
sudo apt-get install build-essential

sudo apt-get install libwxgtk3.0-dev

o:oqcc:: Q.o: Linux 088 wxWidgets orCQ> mcc)aocc:@f::u

§6§0 32658 §:9C2 0 wxsimple.cpp (online) s303 0§0gS ecv:d ©oqE: q. ) 303C:
(9§or%: C\%Ofg oledS [Zet13]n
#include <wx/wx.h>
class Simple : public wxFrame
{
public:

Simple (const wxString& title);

};
Simple::Simple(const wxString& title)

wxFrame (NULL, wxID_ANY, title, wxDefaultPosition, wxSize (250, 150))

Centre () ;

class MyApp : public wxApp
{


https://github.com/yan9a/wxwidgets/tree/master/wxsimple

20

21

22

25

26

27

Q-o. LINUX ogéooéao&@é:

public:
virtual bool OnInit();

g

IMPLEMENT_APP (MyApp)
bool MyApp::0nInit ()

{
Simple *simple = new Simple (wxT( ) g
simple->Show (true) ;
return true;
}
Q .
@o§|C: Q. J: WXSlmple.cpp
N Q Q o . (XN Q
@3003 39@'] 63200000 command O? 3?8@3 complle C\PO:%C O']OOOOII
g++ wxsimple.cpp ‘wx-config --cxxflags --1libs -o wxsimple

Q

‘wx-config —cxxflags™ oo compile C\PLQ)(% 390805 QO3B0

L

. . < . c o C (o) C N o] C
config -libs™ oo link c00OG celeploaNavicelelep flags Cleploafeslenle
L [ L ° L L

[0
| Rt

sudo apt-get install xterm

8 N bi o Q ocQ.
@oqc eg@oo 61(0’.)0‘,) nary (T? c3200000 G’BU?CO run

(S]OOOSII

./wxsimple

C N

o

<

~ . N Q o) Q oQ NN
o) Terminal oo 3230C GG@ qc xterm (7? GS’B’.)(D(S] S’DO?CS OO00C

[} el[eplew]]

~@2r0O

flags eo303 00360

N <
C (;]O’)ODII

O()?
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(‘;) Q-0 wxWidgets craog(f) wxsimple.cpp $6§2 or% BeagleBone Black, Debian Wheezy ogcc:

run @88”

Q0.0 Source ¢ build cp(gcs

wxWidgets or% source MG o%or%[_@o[(f) build C\gf):ﬁé ch: GIDDM 390%8: build Q?(C)@SI install

C\P&%E olonod [wxW14]i

sudo apt-get install build-essential

sudo apt-get install libgtk-3-dev

wget https://github.com/wxWidgets/wxWidgets/releases/download/v3.0.3/
wxWidgets-3.0.3.tar.bz2

tar xjvf wxWidgets-3.0.3.tar.bz2

cd wxWidgets-3.0.3

mkdir gtk-build

cd gtk-build

../configure --enable-unicode --disable-shared --with-gtk=3

make

sudo make install

wx-config --version



Q.J- OPENCV & WXWIDGETS 030325¢(g¢: 209)
Build cpS(Geop wxWidgets 03 23:([G: samples 39&: 0300 minimal 8307 $65003 run
c 0O ¢ o oC <

(0305 0503 33l & q. ) 303¢E: coge Clorcdi

cd gtk-build/samples/minimal

make

./minimal

- LX Terminal -0Ox

s/minimal# . /minimal

Minimal wxWidgets App

About wxWidgets minimal sample

Welcome to wxWidgets 3.0.3!

This is the rminimal wxWidgets sarmple
running under Linux 3.8.13-bone?9 armw7l.

ok

Welcorne to wxWidgets!

I' -.LXTerminaI WhMinimal wixWidgets App -

0 qQ.J: wxWidgets @8 minimal %ﬁocﬁ) run [§c°:zn

Q.] OpenCV & wxWidgets o30303:(g¢:

OpenCV §<f: wxWidgets (73 oé:D Q02300 oéﬁoqé GO Linux $ terminal eng;o command

[e]

/

L ° L

o ¢ < . C N (o] C < N . . o N
Q000pY build c00070 RO §:§Cs oS $6§2 36§§ wxcvsimple.cpp (online) 8007
o] C N [o] C < < < o C . . N . O N
Qg Ct 07 VL GQV: OO0 eqz@ S oleodi 0086 3062 Application §, Onlnit() 8007

o

method 05390

wxInitAllImageHandlers () ;


https://github.com/yan9a/wxwidgets
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15

16

17

18
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80703 c0ad0leoSi 338cs00d MyFrame 305 wxFrame & derived class aden 0§06 cona’d
? P O § y O3 8. 92 Q8O R

G@%@c?g wxStaticBitmap variable GOB(Y% G@@o C\OPO’Q) oleoSi MyFrame 6\1 constructor ¢

. o 0O ¢ 9.0 Q ¢ Q0 _o.0¢ S
WXStatchltmap GOB(TB (.9:?0)3(.3 [icrnloplep] (793 CQ l?getxc (e][eploN]]
lena = new wxStaticBitmap (this,wxID_ANY,wxBitmap (wxT( ),

wxBITMAP_TYPE_JPEG) ,wxPoint (0,0) ,wxSize (256, 256));

Image co3 320305 OpenCV ¢023:03 Mat § wxWidgets 6, wximage o3 (g8 32cp$ e[gols
c020p mat_from_wx 1 wx_from_mat 320 § 03 0§ < 60303 @062 9.0 oo util.h (online) 03¢0

©o 6(95@ 0023 OlonoS [Dad10; pkl15]u

//File: util.h
//Description: Functions to convert wzImage and OpenCV Mat
//Author: Yan Naing Aye

//MIT License - Copyright (c) 2017 Yan Naing Aye

#include <wx/wx.h>
#include <opencv2/opencv.hpp>

using namespace cv;

wxImage wx_from_mat (Mat &img) {
Mat im2;
if (img.channels ()==1) {cvtColor (img,im2,CV_GRAY2RGB) ; }
else if (img.channels() == 4) { cvtColor(img, im2, CV_BGRA2RGB);}
else {cvtColor(img,im2,CV_BGR2RGB) ;}
long imsize = im2.rows*im2.cols*im2.channels();
wxImage wx(im2.cols, im2.rows,(unsigned char*)malloc(imsize), false);
unsigned char* s=im2.data;
unsigned char* d=wx.GetData () ;
for (long i = 0; i < imsize; i++) { d[i] = s[i];}

return wx;

Mat mat_from_wx (wxImage &wx) {

Mat im2(Size(wx.GetWidth() ,wx.GetHeight ()),CV_8UC3,wx.GetData());


https://github.com/yan9a/wxwidgets/blob/master/wxcvsimple/util.h

Q.J- OPENCV & WXWIDGETS 030325¢(g¢: 20q

L

25 cvtColor (im2,im2,CV_RGB2BGR) ;
26 return im2;
27 }

006 &2 Q.9: util.h

Iy N N Q0 N o O ° . N ¢ o _¢
aooo@o MyFrame &, constructor cogo 25¢) §, 00p OpenCV 3?@ imread § ©O>COM
0lon oS ©0508 §03 Mat 334z 3302 A0S wx_from_mat 6§6 < 03 oo@ wximage 32§ 3200
2 8197 QL2 QO WX_Irom_ FC 02 NG ge 32q)* :

e@of:m%(ﬁ olonoSi @seoo? wxStaticBitmap e\LSetBitmap method 3.3@ Frame eng;o e@%@

Q ¢ <
OQODQﬂODODH

e@oorgcno%a'] wximage :39&%{: 30o0¢ variable ooo%aB e@@o @z LoadFile method $ c{%@o

N o O . ° ¢ o ¢ "] C N o o O
403 wxWidget 235§z 0050305 ClonoSit oo 03 wximage 34 3200: G003 mat_from_wx

o

B0y 08qE 2%:(: OpenCV 320305 Mat @aqj: 3200: ¢[goc:cd0d Clonudi ooy 9§S

S0

ON

N . N C Q ¢ < [o] C . (9} N (o]
OpenCV &, imshow § em@ Qvlep olondSi 00§ wxcvsimple.cpp 02 @2§)C: Q.G €2 COR&

oL

(ﬂODOSH

1 //File: wzcusimple.cpp

2> //Description: A simple exzample to use OpenCV with wzWidgets
3 //Author: Yan Naing Aye

4 //Date: 2017 November 01

5 //MIT License - Copyright (c) 2017 Yan Naing Aye

6

7 #include <wx/wx.h>

g #include <opencv2/opencv.hpp>

9 #include

10 using namespace cvV;

12 class MyFrame : public wxFrame
13 {

14 wxStaticBitmap *lena;

15 wxStaticBitmap *thiri;

16 public:

17 MyFrame (const wxString& title);
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19 };

20 MyFrame::MyFrame (const wxString& title)

21 : wxFrame (NULL, wxID_ANY, title, wxDefaultPosition, wxSize (512,
2 {

23 Centre () ;

24 lena = new wxStaticBitmap (this,wxID_ANY,wxBitmap (wxT("lena.jpg"),

wxBITMAP_TYPE_JPEG) ,wxPoint (0,0) ,wxSize (2566, 256));
25 thiri = new wxStaticBitmap (this,wxID_ANY,wxBitmap (wxT("lena.jpg"),
wxBITMAP_TYPE_JPEG) ,wxPoint (256,0) ,wxSize (256, 256));

26

27 //From opencv to wz

28 Mat imcvi=imread("thiri.jpg",CV_LOAD_IMAGE_COLOR);
29 wxBitmap imwxl=wx_from_mat (imcvl) ;

30 thiri->SetBitmap (imwx1) ;

31

32 //From wz to opencv

33 wxImage imwx2;

34 imwx2.LoadFile (wxT("lena. jpg"), wxBITMAP_TYPE_JPEG) ;
35 Mat imcv2=mat_from_wx (imwx2) ;

36 namedWindow ("Img" ,CV_WINDOW_AUTOSIZE);

37 imshow ("Img",imcv2) ;

38 }

39

40 class MyApp : public wxApp

a1 {

42 public:

43 virtual bool OnInit();
a4 };

45
46 IMPLEMENT_APP (MyApp)
47 bool MyApp::0nInit ()

a8 {

49 if ( !'wxApp::0nInit() )
50 return false;

51 wxInitAllImageHandlers () ;

52 MyFrame *frame = new MyFrame (wxT("Simple wxWidgets + OpenCV"));

256) )



53

54

55

qQ.9. CODE:BLOCKS ogéo@o{)s@f:: o0@

frame->Show (true) ;

return true;

mqf:: Q-G wxcvsimple.cpp

2.0¢ ] Q
IQRC OlODOII

3o

o ¢ 0 . C O C . C
0§) 0§)e 07 build YOG 30305 terminal €2 63200500 command
L L L [

g++ wxcvsimple.cpp util.h ‘wx-config --cxxflags --1libs std ‘pkg-config --

cflags --1libs opencv' -o wxcvsimple

Jwxcvsimple 03 §05(G: run c30503 325l 00} §Os 03 O cn&E Olonudi
. P { 9 ° { Gl s Q. T 1 Q'Q ?O 08”

5

yan@yanhpu: g++ wxcvsimple.cpp util.h ‘wx-config --cxxflags --libs std
" 'pkg-config --cflags --libs opencv’ -o wxcvsimple
lvan@yanhpu: . fwxcvsimple

0 Q.9 wxWidgets §<f: OpenCV orcg’ oéoxg 3229:(g| 002220 éﬁ:eﬂ&em $980ll

—

Q-2 Code::Blocks ogéoéaf?:@é:

Code::Blocks ¢> wxWidgets 03 OpenCV § 0303: 8320305 wxWidgets project 3206 0303
O o C o OCO . C c 90 o l. O N .
03 & 9.6 62 c6S(g co0:03 303E: empty project 63 v§03:(Gs wxcv (online) 303 project

§oeé GOSC\O?(TS Sledi @05 325 GNU GCC Compiler orcg’ cQs Sloddi


https://github.com/yan9a/wxwidgets
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. New from template

Projects Category: | <All categories> o @
Build targets
Files 1?’_ x-jq' L@ @ Cancel

Custom
User templates ARM Project

@

Fortran application G1

AVR Project preran library Irr
GLIEW
G

Code::Blocks plugin FLTK project  GLFW project Li¢

@ L@ %li View as

@® Largeicons
() List

Console application FortranDLL  GLUT project Mi

TIP: Try right=clicking an item
1. Select a wizard kype first on the left

2. Select a specific wizard from the main window (Filter by categories if needed)
3. Press Go

File Menu — New — Empty File 03 86(G: 006 E: .5 90 [gooo:0p wxev.cpp 8E03 00

o _ ¢ N
305 clewi

2 #include <wx/wx.h>
3 #include <opencv2/opencv.hpp>

4 using namespace cv;

6 class Simple : public wxFrame

7 {

8 public:

9 Simple (const wxString& title);

10

1 };

12 Simple::Simple(const wxString& title)

13 : wxFrame (NULL, wxID_ANY, title, wxDefaultPosition, wxSize (250, 150))
14 {

15 Centre () ;

16 Mat img=imread("grove.jpg",CV_LOAD_IMAGE_COLOR);
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27

N

8

29

31

32

33

34

qQ.9. CODE:BLOCKS orgéoéo%:@éz 202

namedWindow ( ,CV_WINDOW_AUTOSIZE) ;

imshow ( ,img) ;

class MyApp : public wxApp
{
public:
virtual bool OnInit();

i

IMPLEMENT_APP (MyApp)
bool MyApp::0nInit ()

{
Simple *simple = new Simple (wxT( D) g
simple->Show (true) ;
return true;

}

@oq& Q-§): WXcv.cpp

@zqcc: Project Menu — Build Options... or% f§5[§ Compiler settings tab — Other compiler

. ° oc
options ?’) (L) (23 G’DO?Co

‘wx-config --cxxflags® ‘pkg-config --cflags opencv

o3 Debug 303056601 Release 3030501 20056905 &€ Clooudil 650050503 Linker settings

tab — Other linker options ¢ C\)éz 9 Q.@ saor%cc:z

‘wx-config --1ibs std’ ‘pkg-config --1libs opencv’

(o] C C < N

O? (00]¢) aaoogcnmﬂecxm
C o C O Oo¢ . ¢ o ¢ N o (0]
G@Dm&?SQj)O F9 SC\PO(YB §0@3 Build and run C\?OC\I?(T) (73399'] (3 QQ (J-Q’D @(X)’.)S CDC\?

o

[o] C N (o] oc C
0g0§)© §, output 0 copsC Slonddi
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B Project build options

WXCV Selected compiler
Debug GNU GCC Compiler =
Release
Compiler settings| Linker settings | Search directories = Pre/post build steps  *
Policy: | Append target options to project options >

4| Compiler Flags | Other compiler options | Other resource compiler options | *

|“wx-cunfig —cxxflags® *pkg-config —cFlags opency’ I

$ q.5): Compiler options gpo0o5¢05(ga

8 Project build options

WXCY Selected compiler
Debug GNU GCC Compiler -
Release
4| compiler settings || Linker settings| search directories | Pre/post build steps | Custom variables | *
Policy: | Append target options to project options =
Link libraries: Other linker options:

Ii‘wnH:unfig —libs std™ *pkg-config -libs opency’ ‘I

CP Q.G: Linker options quoaorggaorg[gé:n

i@ Ea & 2 Q& @ | Debug ]
simple:: :7 Sirmple(mnsthstring&titlg} =

Management

WXCV.CPP
Projects |Files | Symbols |
#include <wx/wX
* @ workspace #include <openg
» Bwxey using namespace &%

ss Simple :

ic:
Simple(cons

 9.9: OpenCV §640 0§06 803 Code::Blocks o3¢ run (g



qQ.9. CODE:BLOCKS 0380?35:@5: 009

L

ID @s agc;@gucc:qé optional

o
3o
~Co

[N c N N C C
0GEPOID § VOOVM 07 IOV GOR E
sgaocf:eog sgc;ﬁs% Project Menu — Build Options... 093 %5@ Search directories tab —
Compiler tab €5 & .0 3203¢: /usr/local/include § /usr/local/include/wx-3.0 03 Debug

BoR0dGepI Release 35030501 2005605 &E Slonddi
0goveq 3 PO ¢

= Project build options

WXV Selected compiler
Debug GNU GCC Compiler :
Release

4 compiler settings | Linkersettings || Search directories| Pre/post build steps | *
Linker | Resource compiler

Policy: | Append target options to project options =

Jusrflocalfinclude
Jusr/local/include/wx-3.0

(‘:) Q.0: Compiler Search directories eﬂozwoggcg[:e}f::u

Gc?oorc)ooée'] G300 oo Linker tab ©o (L) QG 390938: lib Goge\lnméze@oéz /usr/local/lib

Q C C < . . S, o o C . . . [N
epfovlopl lop) Sloodi Linker settings tab ©oCOP3: O Q.00 3207C:s Link libraries oy @@og
libopencv_core.so
libopencv_highgui.so
libopencv_imgcodecs.so

libopencv_imgproc.so

Q Q
C (5]0000“

3
~2n0

<
330)?

~Co

3o 80> library conod 320
810z ry 00 &y

N C (o] C Qo <
S’QSH(YDSGC\)OO GO&(Y? 63200000 command GO&GL]O’)

S,

. . N C
Search directories Gog$ 0oOD0M

(0305(8: 005 oes0: 33§ &8 SloncSi
228 O SR
wx-config --cxxflags

pkg-config --cflags opencv
wx-config --libs std

pkg-config --1libs opencv
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x Project build options

WXCV Selected compiler
Debug GNU GCC Compiler B
Release

4| Compiler settings | Linker settings Pre/post build steps | *
Compiler Resource compiler

Policy: | Append target options to project options =

Jusr/local/lib
fustftocal/ib |

& q.@: Library 8EqpeaogadSearch directories gpsooo3eoS(géi

x Project build options

WXCV Selected compiler
Debug | GNU GCC Compiler -
Release
4 Compiler settings Linker settings Search directories Pre/post build steps | »
Policy: | Append target options to project options =
Link libraries: Other linker options:
Just/local/lib/libopencv_core.so “wx-config -libs skd” "~ pkg-config -libs opencv”

[usr/local/lib/libopencv_highgui.so
/usr/local/lib/libopencv_imgcodecs.so
Jusr/local/lib/libopencv_imgproc.so

o . . . N N C
Q Q.00: Link libraries eﬂoe:noo?oo@cou
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q.c  Windows opéondaoc(gé:

o

wxWidgets o3 Windows ¢ 3223:(g| 0p3235] IDE 3oq:q]: § 0309:&E Clooudi Microsoft Visual

Studio IDE 0’03 :1?(\% qoocx?vl wxDev-C++ | CodelLite [Cod17; Cod13] | Code::Blocks o>or:> IDE

(o] e o < %, oc ’] <
GOfo) O?(\Dgo GgoCﬂOD 393\?‘: [Q[&LC OloD VIl

Q6.0 Visual Studio [gSaaad:[ggEs

wxWidgets o3 https://www.wxwidgets.org/downloads/ ooeg download cpSa305 dle

8’) 8’)

(6 Q.00 e $6§0 ¢oc0) latest stable release @o%or} 3.0.3 Windows installer 03 ngc{:)

—

Q

@z C:/wxWidgets303/ 05390 install C\?OC\%OS oleoS ((t) Qo

& Downloads - wxWidgets X

& C | @ Secure | httpsy//www.wxwidgets.org/downleads, <d

@ wxWidgets

Cross-Platform GUI Library

Downloads

Not using C++? Get wxWidgets from the wxPython, wxPerl, or wx.NET download sites.

When installing wx\Widgets on Windows or OS X, we always recommend building the library from source
yourself, and only provide the source package for most platforms. On some platforms, we have provided a
few pre-built binaries for convenience, but wx\Vidgets supports so many compilers on so many platforms, that
we can't provide binaries for all of them. On Linux, we recommend using the official wxGTK packages
provided by each distribution. but newer packages are available below.

» Development Roadmap

Latest Development Release: 3.1.0

0 Q.00: wxWidgets orcg’ free download c\?f)ej §op [§c°::n

C (o] . . (o] N cOo 0O < <
[wxW15b]u ®®[§c: WXWIN sx?or\) environment variable 03 2005905@ cX0lo>VdI 3@37 celoplop

. (o] .. [0} o . . oc
command window o) administrator 39@§§ run @ start menu oo right click :]&\o@z command
. o Q ¢ c N\ Q N ° O o
prompt (admin) 0 g0 oleodi 32362 6320000 command :1?@ WXWIN o0 @ Q.09

Q e & Q< 1 Q
DAY 20000 QRO VleIl

setx -m WXWIN C:\wxWidgets303


http://wxdevcpp-book.sourceforge.net/
https://codelite.org/
http://www.codeblocks.org/
https://www.wxwidgets.org/downloads/
https://raw.githubusercontent.com/wxWidgets/wxWidgets/WX_3_0_BRANCH/docs/msw/install.txt
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Latest Stable Release: 3.0.3

Source Code

Documentation
Nindows ZIP (31 MB) Readme
dows 7Z (16 MB) Changes

windows Installer (47 MB) e
Source for Linux, OS X, etc (20 MB) (‘a:m:al- —|‘|I'l‘ ) ZIP (33 MB)
(HTML (33 M

Binaries Manual (HTML) BZIP (23 MB)
Manual (CHM) (32 MB
wxMSW DLLs for the selected compilers ' i )
« Visual C++ 2008-2017 (more details
here)

« TDM-GCC 4.9 and 5.1

Ubuntu / Debian Packages
Fedora / openSUSE Packages

« Released: May 2nd, 2017
« API Stable Since: November 11th, 2013

L} Q-2 J: wxWidgets latest stable release orog Windows :390305 installer oo @&u

E¥ Administrater: Windows PowerShell

oft Corporation. All rights reserved.

WXWIN C:%wxWidgets303

(°L) Q-09: WXWIN environment variable oaor%?org[éézn
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»3e§005  ¢0  wxWidgets o3  build 008 @oged ¢ d§op

o

C:/wxWidgets303/build/msw oo wx_vcl2.sln sf:)or\) solution (cL) Q.og) or% Visual Studio

¢ o ¢ < . o COo N (o]
9305 dledn Retarget Projects a3(G: upgrade cpd3 ce:o00) 33l OK o3

L
§OC\?05 Slood (0 Qo9 [§or\> 33 o q.o@ @2 [gooaz :DC\% configuration s%?llzéﬂ[z(r% eg:@:
»

:name: | wa_vcl2sin

v| All Project Files (*.sln;*.dsw;*ve ~

. QCroc coc¢C <
build @e@@ QO&C Slonddi
X
[Widgets302\ build\msw] o) [Genchrms o
ider - @
A Name = Date modified Type Size &l
[l w_vel1_wajpeg.vexproj VC++ Project 30KB
[l wevel1_wapng.vexproj VC++ Project 28 KB
Bl w_vel1_waregexvexproj VC++ Project 30KB
Bl wa_ve11_wascintilla. vexproj VC++ Project 42 KB
[l we_ve 1 1_wetiffvaxproj VC++ Project 31KB
[l wi_ve 1 1_waczlibavexproj VC++ Project 28 KB
Bl wae vel1_xml.vexproj VC++ Project 40 KB
Bl wae_vel 1 xrevexproj VC++ Project 43 KB
u'-qlﬂ wi_vecl2sin Microsoft Visual S... 38 KB
Bl wa_ve12_adv.verproj VC++ Project 46 KB
[l wi_ve12_auivesproj VC++ Project 41 KB
Yl wr vel? hacevewnroi VC++ Proiect 57 KR o

Cancel
0 Q.0G: wxWidgets o% build Q?(Q)@EZII

35:930% build C\P(S@Z 0:3399'] $9§° wxWidgets application ooo%eg compile Q?(Q)@SI run

(o]

o
A
@écﬂeogn :ﬂ@@oé C:/wxWidgets303/samples/ cdon minimal a?orB

folder or% minimal2

B0 §96258 duplicate 0SA30d vleoS
20?7 §2004 dup POCY

(8203 308l minimal_vc.veproj 03 ¢¢ad05 cledd (& g.oq)n 333l 03 build cwd(Gs run
° L ° L L L L

Q C N "] o OQ,, @(‘ '] c N\ Q . . l O N o
QQON0Y 3231 O Q.00 0D 3OYCE COREED (GO VIOdVII I3¢D minimal.cpp 8007 source O
:394%[84%[8 @[@8 083200 @é%é olonaSi

oe.cjoqé eﬁoicon 093 @Eqﬁqf: C:/wxWidgets303/samples/sample.ico (73 (7%05&03 qf:or:) icon

N QO 0 ’] <

 F2OD300:CY) §0I0DVJII

QG.) VS o€ OpenCV & wxWidgets 0303035(g¢:

Windows coleo wxWidgets § OpenCV 03 030%:8 320305 C:/wxWidgets303/samples/ oo
minimal a0} folder o3 minimalcv 8303 §06p58 duplicate (Se305 0ledS [Emel7 (G:o3

33| minimal_vc9.veproj (73 gEC\CLJ’orS oleodi 6320050l link ggoﬁor\) OpenCV320.props or% w)\gs
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Review Sclution Actions

Retarget Projects

The following projects use an earlier version of the Visual C++ platform toolset. You can
upgrade your projects to target the latest Microsoft Visual Studio 2017 toolset, You can also
select the target Windows SDK version from those installed on your machine,

Windows SDK Version: | 10.0.15063.0 ~

Platform Toolset:

WAmswhwa_vel 2_custom_build.vexproj
Lrnswhws_vel 2 richtext voxproj
Amswiws_ vel2_propgrid.vexproj
Amswiwe we ]2 ribbonavexproj
Wmswhwa_vel2_auivexproj
Amswiwa w12 xrcovexproj
Amswiwa vl 2 xemlvexproj
WAmswhwe wel2_gawvexproj
Lnswhwa_vel2_webviewvexproj
LAmswiwevcl2_htmlivexpro)

JAmswiwe vel2_mediavoxpro)

(CSRCY BRIV R (NN IR AR (N RO TRV

Wmswtwe_vel2_advavoxproj

Upgrade to v141

| | Cancel

8 .08): Project 03 upgrade cpS(géi
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Edit View Project Build Deb.g Tew ot Wind

B-aws Debug - - Local s 'EE]

sctuph ution Explorer
_custom_build

e
12" (24 projects)
%] _custom_build
tup Headers
@ setuph

X_SETUP_H_

USE_GUI

Build succeeded M Addto Source Control &

X
les\minimal; ~| & Search minimal2 2
falder - I @
e Name Date modified Type Size
! minimal_carben.xcodeproj 31/0 20:48 File folder
minimal_cocoasxcodeproj 31/0 20:48 File folder
minimal_iphonexcodeproj 0:48 File folder
*+ minimal.dsp /2017 14:00 VC++ 6 Workspace 11KB
*++ minimal_ve7.vcproj 25/04/2017 14:00 WC++ Project 11KB
* minimal_vc8.veproj 10472017 1400 WC++ Project 26 KB
£

minimal_ved.vcproj

WC++ Praject 25KB

VC++ Project
Size: 244 KB
Date modified: 25/04/20

~

le name: | minimal ve9.vcproj | |AlBroject Files (*sin* dsw e

(‘.’L> Q-0Q: $0§° wxWidgets project ooo%@LOPQ ®§:oo5[§<°::u
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3

4

5
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Minimal waWidgets Ay
gets App
4 Process Memory (MB)shot @ Private Bytes

File Help 3

0
4CPU (% of all processors)

Welcome to wiidgets!

CL> Q-o0: wxWidgets minimal project 093 run [§<°:zu

OGGTJQI(TCJ :399%8 (XS?’.) (QSG)&S C\%(TS (;]GOSII
https://github.com/yan9a/0OpenCV_Projects/blob/master/img_wins_vs2015_
x64/img_wins/OpenCV320.props
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//MIT License - Copyright (c) 2017 Yan Naing Aye
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7 #include <wx/wx.h>

g #include <opencv2/opencv.hpp>
9 #include

10 #include <string>

11 using namespace std;

12 using namespace cCV;

14 class MyFrame : public wxFrame
15 {

16 wxStaticBitmap *thiri;

17 public:

18 MyFrame (const wxString& title);

20 };
21 MyFrame::MyFrame (const wxString& title)

22 : wxFrame (NULL, wxID_ANY, title, wxDefaultPosition, wxSize (512,

600) )
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24

25

26
27
28
29

30

31
32
33 }

34

w

36

Centre () ;
thiri = new wxStaticBitmap(this, wxID_ANY, wxBitmap(wxT("C:/opencv/thiri.

png"), wxBITMAP_TYPE_PNG), wxPoint (256, 0), wxSize(512,512));

//From opencv to wz

Mat imcvl = imread("C:/opencv/thiri.png",IMREAD_UNCHANGED) ;

string str = "Channels:" + to_string(imcvl.channels());

putText (imcvl, str, Point (100, 100), FONT_HERSHEY_PLAIN, 4.0, CV_RGB (128,
0, 128), 4.0);

wxBitmap imwxl = wx_from_mat (imcvl);

thiri->SetBitmap (imwx1) ;

5 class MyApp : public wxApp

37 public:

38
39 };

40

virtual bool OnInit();

41 IMPLEMENT_APP (MyApp)

42 bool MyApp::0nInit ()

43 {
44
45
46
47
48
49

50

if ('wxApp::0nInit())
return false;
wxInitAllImageHandlers () ;
MyFrame *frame = new MyFrame (wxT("Simple wxWidgets and OpenCV"));

frame->Show (true) ;

return true;

@6/ E2 9.G: minimal.cpp
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OpenCV ...oiviiiiinninnn, Open source computer vision
VSIS . L Visual studio 2017
X86 .ttt e A family of backward compatible 32 bit instruction set

architectures based on the Intel 80386 CPU

X64 . e The 64-bit version of the x86 instruction set
DFT oo Discrete Fourier Transform
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THRESH_BINARY

mazxval,
dst(z,y)

07

if src(x, y) > thresh

otherwise

THRESH_BINARY_INV

0,
dst(z,y)
maxval,

if src(x, y) > thresh

otherwise

THRESH_TRUNC

thresh,
dst(z,y) =

src(z, y),

if src(z,y) > thresh

otherwise

THRESH_TOZERO

Src 7 y)7
dst(x (=
0,

if src(z,y) > thresh

otherwise

THRESH_TOZERO_INV

07
dst(z,y) =

Src(:l:7 y)7

if src(z,y) > thresh

otherwise

THRESH_MASK

THRESH_OTSU

flag @oc)(ﬂooogu Otsu algorithm or%oaL@

optimal threshold oo:%fgm% Gg:(‘éd]n

THRESH_TRIANGLE

flag @56]0005“ Triangle algorithm ('7333 H

L

optimal threshold 02§8:03 eg:3cli
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