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1. Sanly sekilleri islemek bilen tanyslyk
1.1 Sanly sekilleri islemek
1.1.1 Nusga almak we mukdaryny kesgitlemek

o
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Usniiksiiz Nusga alnan sekil Nusga alnan we
gorniig sekili kwant. sekil;

1.1.2 Analogdan sanly gorniise 6wiirmek

(a) Analog signal

- . (b) Nusga almak
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1.1.3 Surat ¢cesmesi

Suratyi yokarky
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1.1.4 Suratyn yagtylygyny iiytgetmek

Yagtylygy
-
—

y
Wl

)

B

Aralygy



1.1.5 Suratyn yagtylyk adimleri

(a) 8 Steps : 3 bits (b) 16 Steps : 4 bits (c) 32 Steps : 5 bits

(d) 64 Steps : 6 bits (e) 128 Steps : 7 bits (f) 256 Steps : 8 bits

1.1.6 Suratyn yagtylygynyn ol¢egi




1.1.7 Yagtylyk spektri
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1.1.8 Yagtylyk we pigment garyndylary

Pigmentleri garysdyrmak
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1.19R, G, B suraty

Gyzyl komponentli
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1.1.10 Sanly sekilin gorniisi




1.1.11 Sanly sekil
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(a) Ikilik sekil
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2. OpenCYV bilen tanyslyk

2.1 OpenCV?

2.1.1 OpenCV - acyk cesmeli kompyuter kitaphanasy

e Suraty isldp tayyarlamak we kompyuter goriisi licin agyk cesmeli kitaphana.

e 2500-den gowrak algoritmden ybarat.

e C, C ++, Python, Matlab Ugin interfeys goldawy.

e Windows, Linux, Android, Mac OS we s.m. li¢in operasion ulgamynyn goldawy.

e MX (MultiMedia eXtension) we SSE (Streaming SIMD Extensions) gérkezmelerini
ulanyp, ¢alt algoritm yerine yetirilisi.

e CUDA we OpenCL interfeyslerini isldp tayyarlamak.
2.2 OpenCV-ni gurnamak
2.2.1 C ++ ulanyp, OpenCV-ni programmirlemek iicin sertler
e Kompyuteriizde 64 bitli Windows gurnalan bolmaly. (OpenCV ditie 64 bitli
operasion ulgamyny goldayar).
e Visual Studio 2017 C ++ programmirlemek Gg¢in programma redaktory guraly

hékmunde gurulmalydyr. (Visual Studio-nyn in sofiky wersiyasy 2019-dyr, emma

hézirki wagtda dine Visual Studio 2017 ii¢in OpenCV-ni goldayar.)
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2.2.2 Visual Studio Community 2017-ni gurnamak

e https://visualstudio.microsoft.com/ru/free-developer-offers/

Mugt ifn gowy programmalary doretmek ii¢in zerur zatlaryi ahlisi.

Windiad Stundic ‘l:l'l'l'l-l'l'ﬂ.l'-l'l'l'hl - i Vsl Sterdic Cexla

e Yokardaky resmi web sahypasynda difie int soniky 2019 wersiyasyny Viikldp alyp
bolyar, sol sebépli internetden 2017 wersiyasyny gozleg we yiiklemek arkaly tapyp
bilersifiz.

e 30 giinliik tanysdyrylys wersiyasy, sonira Microsoft-a agza bolup, Visual Studio-a

girin we mugt ulanmagy dowam etdirin.

2.2.3 OpenCV-ni yuklemek

e http://opencv.org>Releases

e Gurnama faylyny yiiklaninizden soni, gurmak ii¢in exe faylyna iki gezek basyn.
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https://visualstudio.microsoft.com/ru/free-developer-offers/
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2.2.4 Windows ulgamynyn dasky gursaw yoluna gosmak

e OpenCV ii¢in gurnama yerini windows ulgamynyn dasky gursaw yoluna yazdyryii.
o C diskini agakdaky yaly gurnan bolsailyz, asakdakylary “Path”-a gosun.
e C:\OpenCV\build\x64\vc15\bin
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2.3 Visual Studio 2017 agyk rezyumesini diizmek

Project bug T ols  Te Analyze Window  Help
Project Ctrl+ShifteN

k
File ~ Ctrl+«N

Project From Existing Code

Get Started

Save All Ctrl+Shift+5

Criprrs artrm
SOUrce LOMHIo

Account Settings
Recent Files
Recent Projects and Solutions

exit

Wirgiows Desiing Wizan
A comemon b &




f

Duzedis tertibinin (Debug
mode) hazirki wagtda
yapykdygyny barlan.
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1.1 Property Pages ?
v, | configuration Munager . |
§0VC_ExpcutsbleRath xB£1 S0WindowsSDI_ExcutsbiePath S0/5 K
L0V inelidePath) $(Windavs S ineludeath): F'S:
«Edif. =
S(WindowsSDE_Metadataath
S0V Sourcedath), _
$(VC,_ includePath) § (WindewsSD_inchadePath) $VC, ExscutsbleP:
Include Directories
Evalusted value:
D:Microcoft Visual Studicw201 FHEnterpriseV CHToolsdMSVCR A
L
|'% 3
Include Directories |
Fath o use when searching for include fles while building a ve Inherited values:
<8 x| |MaUPE | | $VC_includePath) =
| $(WindowsSDK_IncludePath) ‘
| @ inherit from parent or project defaults Macross >
[ oK Cancel ‘
4

b Select Directory B
© - 1 _;.-.[u System (Cf + opency + bulld » include » I v & inclute 244 P
Fe~ NEG E- @
@ ||, opency A oE 1
4 |, build
4 bin .
b et
[ [ include | | 1l
vl e include Directories » IEEl
o -python e
b w64 D[ ][ @ ][]
b Sources v < B opances buildwinciude '
- {ER linclude < »
Evaluated valus:
- Copencvisbulldwinclude "
L%
% >
Inherited values:
S0V _IncludePath)
$(WindowsSDK._Includebath)
[+ Inherit from parent or project defaults Macros>> |
|' oK Cancel |
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TV VY VYV VYV
T %

Librafy Directories SAVC_LibraryPath_x84) S0WIndows SDK LibranyPath st} S (NETFXKI
Library WinRT Crrectories $WindowsSDK_MetadataPath;
Source Directories (WC_SourcePath),
Exchude Directories S0vE_includerath) S0WindowsS DK_includePath) SIVC_Executiblers
Path to use when searching for includé files while building a VC«« projéct. Comesponds to environment variable
3 INCLUDE

[ ®e || = |[ asw

]

v e Source Disectories IV _SOUTLEET
s m"“‘" oehation Exclude Directories S0VC_includeFath) SWindowsSDR_includeFath] $0vC_Expcutablery
b Custom Build Step ,.
b Code Anahys Library Directories » IER
ax|lv e
[ ]
s .
Evaluated value:
DMicrosoft Visual StudicW201 TRERerpriselVCHToolEWMSVIW » |
L
el ! 1 1l s
. | . R
 Path to'use when seanching for library files whee bullding a VCe | r 1
. g s |LE | $(VC_LibraryPath_x64) -
{ S(WindewsSDK_LlbraryPath x64)
') L
| [inherit from parent o project defaults Maomess
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4 Select Directory B
® -1»;...Is:,nm{c.}-mv.m.m»ms-lal v eas £
B AR B = "
4 Ji opency ~ og :
« & bulid
& i REE= BEN Soul
& e
b i include
& jva
bl pythen
+ L 284
A W
a i vers
I | e | |
N -SOUTes L 4 1
T -'.E\rdugbat.lvah.ne:
= ||| CwopencvibulidwsEawve 1 SWllD ni
W
!1'- : 1 > |
' inherited values:
SOVC_LibraryPath_y64) ~ |
S(WindowsSDK_LibraryPath x64) !
i
Elnwurmparmur project defaults Macross>
oK Cancel |
P
(10)
1.1 Property Pages » IEl
Configuration. | Active(Debug) v Platform:  Active(6) v | Configuration Manager._
| & Configuration Properties a General |
General Executable Directones $(VC_ ExecutablePath X841 5 (Windows50%_ExecutablePath) S(VS_E
mﬂ"‘] f tnclude Directones mmnwmmnm.m
- Linkar :]
b Manifest Tool Library WinRT Directories z -
[ Mmm Satirce Ditectones iM w] -
: ;’:‘;‘*'“‘”"“""“ Exclude Directories $IVC_includePath) SOMINdowsSDX_IncludePath) $(VC_Executableps
b ‘Custom Build Step
b Codé Analysis
Library Directories
Path to use when sesrching for library files while bullding 3 VC -+ profect Comesponds 1o environment variable
'y y LB
[ me || == || =8a
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(11)

Configuration: | ActiveDebug)
"« Configuration Propemies |

1.1 Property Pages

| Platform | Activerssd)

Additional Depeodenc

7 BN

o | Contquaton Varsgn

lgnore All Default Librarkes

liowuid b odbe 32 10 0dbecp32 b SsiAddticnal Dependanc '

General [<Edt.> |
Debugging Ignore Specific Default Libraries = 4 [y
haodule Definition File
Add Madule 1o Assemibly
! Embed Managed Resource File
%‘ Fhe Forge Symbcl Refwrences
Delay Loaded Dits
Debuggéng 5
Sk Assernbly Link Resource
Cptimization
Embedded IDL
Windows Metadata .
Atvanced ®) * 4 b« System (C) » opency » build » %63 » we15 v lib v &
All Options
command Line 4 ki opency ~ OjE
b Manifest Tool 4 L build
b XML Documnent Generator & tin i opencv_worlda10 ko
b Browse information e B opencv_worlds10d lib
b Build Events OpenCyConfig.cmake
Build < - lude =
& rophriged ; i :::a __| OpenCvEontig-vérsion cmake
[ o i | OpenCviviodules crmake
|mw l a i x84 |_] OpenCvModules-debug cmake
| Epecifies additional items to add to th || OpenCyMaodules-release cmake
= = b veld
4 Qw1
& bin
4 lib
B sources v €
e Diizedis tertibi — pencv_worldxxxd.lib (Cykys tertibi — opencv_worldxxx.lib)
(12)
1.1 Propenty Pages .
: s 2 i |
Additional Dependencies n b <] o [Adoveas =
. |  wrorkd4 10d Bbr-sAdeditionallepondencien) = ||
|| opency_werida10d lib | e ] ] .
gnite Spechic Detault Librine
Sociue Defmition File
Ak Meptule 1o Asserbly
- Ermiied Maruged Fsouree File
Evaluated value: Foion Syriel ibfosncs
| opency_world210d lib Deliy Losded Dl
| %(additionalDependencies) dsserredy Link Rescurce
]
inherited values:
' kemel32lib ~
| user32lib ,
gdiz2 lib i
| L
[l inherit from parent or project defaults | Macross> |
IL! !Eﬁﬂ_l Spetifies sdditicrul B 1o add 1o the Wk command Ioe Jie lsenslld k]
| s

uE a8 |||

19



e Ady — OpenCV410 x64 v15 debug
e Yerlesisi — OpenCV programma saklayys bukjasy (yatda saklaii!!!)

(13)

Add New ltem * IEE

= Program (O

¢ Visual Studio-ny ¢ykarys tertibinde ulanylanda (¢ykarys tertibi)
e Taslamany isledini> Esasy menyudaky ayratynlyklar

(14)
L1 Property Pages f n

Configuration: | Release v Platform: | Activeidd) v | Configuration Managur.

SO_Emtutabiefami Vs _E
deFath

oW S DN LibraryPath o818 INETFXKI

B W am e e A
= > =

dnchpanSDE_inchagePatn! SNC_EverutablePs

|,,'.l

Executable Diroctones
Path 1o uie when sarching for axecutabie filis while building 8 VC»» project.  Compipends 10 emironmint
varizble PATH

ue Ha
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e 24-30-nji sahypalardaky sol bir mazmuny yzarlan
e (Cykys tertibi — opencv_worldxxx.lib

(15)
]

¥ Configuration Manage

;1--‘-_1..-';:1.?.[ EFEES

= Additional Dependencies ? n

4 Uinker

et s B opencv_world410.lip

L E

Wesrelart Pl i

Decuggy i

st = 1

. Evaluated value;

smbedded

Viindowt Metsdats opency_world210.0ib

Aavaneed fe(AdditionalDependencies

Al Ol

- Inherited values
’ kemel32 it A
: user32 i
di32 lib
P g - i
Additional Dupaadences | Inherit from parent or project defaults Macross =
Spechios addiional items 1o acd to the Ik command lina Hou. bornal
£ *
oK Cancel

* Ady — OpenCV410_x64 v15_release

3 “’“"‘f*-‘[‘_r"?‘; = * Yerlesisi — OpenCV programma saklayys
il bukjasy (vatda saklan!ll)
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2.4 OpenCV programmasynda mysal yazmak

1)

Solution Explorer

o -

W Solution 'OpenCV' (1 project)

B 1.1

gader F

sy Resource Files

Ctrl+Shift=X

e C ++ programmanyn ady yazylyar ... — 2?2, Cpp

Add Mew ftem - 1.1
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Project

Existing Property Sheet

CpenCV » Setting

Build

Debug

1 - =0
4 L Opency A =

Vs
e l -, DpenCV401_¥64 v15_debug props ]
- =, OpenCv4DT x5 v15_relesse props
Setting

Eython

emo w oL ¥

g CIEM « | Wisual C=+ Property Sheets (= w
E7HD FHa

#include <opencv2/highgui.hpp>

void main()

{
cv::Mat image(300, 400, CV_8UC1], cv::Scalar(200));
cv::imshow("Image Viewer", image);

cv::waitKey(0);

23
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e Yalityslyk — x64 gurnamasy!!

Tlopp* & X

e Ctrl + F5: Yalyslygy Viize ¢ykaryssyz baslai

(6)
Microsoft Visual Studio n

Ihis project is out of date:
11 - Debug x64

Would you like to build it?

Do nat show this dislog again

24



e Cykarma (netije)

(7)

e e
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3. OpenCV toparlary
3.1 Point_topary
2D koordinatasyndaky ini we beyiklik pozisiyalaryny gorkezyan sablon topary.

Ovriging I] 0}
Point <int= pt( 3 . 4 )

e Point_toparynyn beyany

Point_<int> <==> Point2i <==> Point;
Point_<float> <==> Point2f;

Point_<double> <==> Point2d;

e Mysal
Point_<int> pt1(100, 200);
Point_<float> pt2(92.3f, 125.23f);
Point_<double> pt3(100.2, 300.9);
Point pt4(120, 69);

Point2f pt5(0.3f, 0.), pt6(0.f, 0.4f);
Point2d pt7(0.25, 0.6);
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3.2 Size_ topary

e Suratyn ya-da goniibur¢lugyn ululygyny kesgitleyan sablon topary.

Size <int> sz('S ', 3))

Size
Size

Size

Size
Size

Size

Size toparynyn beyany

<int> <==> Sjze2i <==> Size;
<float> <==> Size2f;

<double> <==> Size2d;

Mysal

<int>sz1(100, 200);

<float> sz2(192.3f, 25.3f);
<double> sz3(100.2, 30.9);

Size sz4(120, 69);
Size2f sz5(0.3f, 0.1);
Size2d sz6(0.25, 0.6);

27
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3.3 Rect_ topary

e Goniiburglugy gorkezmek tigin sablon topary

e ((Baslangy¢ nokady x, Baslangy¢ nokady y), (Ahyrky nokady x, Ahyrky
nokady y))

¢ ((Baslangyc nokady x, Baslangy¢ nokady y), ini, beyikligi)

Siitiin (x)

- L

Setir (y)

Boyy

Bag.nok (1) 2 Reat 10

Ahy.nok. (pt2) 2 Rect_ b))

e Rect_toparynyn beyany
Size_<int> <==> Size2i <==> Size;
Size <float> <==> Size2f;

Size_<double> <==> Size2d;

e Mysal
Size2d sz(100.5, 60.6);
Point2f pt1(20.f, 30.f), pt2(100.f, 200.);
Rect_<int> rect1(10, 10, 30, 50); // column, row, width, height
Rect_<float> rect2(ptl, pt2);
Rect_<double> rect3(Point2d(20.5, 10), sz);
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3.4 Vec topary

e Birnige elementli wektor belgisi licin sablon topary.

e Maglumatlaryil gérniisini we <and> arasyndaky elementleriii sanyny gorkeziii.

Vec<uchar, 2> <==> Vec2b
Vec<int, 3> <==> Vec3i
Vec<float, 4> <==> Vec4f

Vec<double, 5> <==> Vec5d

e Mysal

Vec<int, 2> v1(5, 12);

Vec<double, 3> v2(40, 130.7, 125.6);
Vec2b v3(10, 10);

Vec6f v4(40.f, 230.25f, 525.6f);
Vec3i v5(200, 230, 250);
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3.5 Scalar_ topary

Bir pikselin yagtylyk derejesini kesgitlemek {icin dort maglumat gorniisinin derejesini
kesgitlan.

Dort derejani Gok, yasyl, gyzyl, alfa (dury) yaly saklan.

Basladylan mahaly hig hili dereje gorkezilmedik bolsa 0-a diizlin. Scalar <double> <==>

Skaler
e Mysal
Scalar_<uchar> red(0, 0, 255);
Scalar_<int> blue(255, 0, 0);
Scalar_<double> color1(500);
Scalar_<float> color2(100.f, 200.f, 125.9f);
3.6 Mat topary
Suraty kesgitlemek Gg¢in ulanylyan topar.
e Mat (rows, cols, type, Scalar)
rows: setirin ululygy
cols: siitiinin ululygy

type: maglumat gorniisi

Scalar: matrisanyn bahasy

30



Maglumat gorniisi Disundiriligi Cunlugy

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

using namespace std;

int main()
{
float data[] = {
1.2f, 2.3f, 3.2f,
4.5f, 5.1, 6.5f,

b

Mat m1(2, 3, CV_8U);

Mat m2(2, 3, CV_8U, Scalar(300));

Mat m3(2, 3, CV_32F, data);

Size sz(2, 3);

Mat m4(Size(2, 3), CV_64F);

Mat m5(sz, CV_32F, data);

cout << "[m1] =" << endl << ml << endl;
cout << "[m2] =" << endl << m2 << endl;
cout << "[m3] =" << endl << m3 << endl << endl,
cout << "[m4] =" << endl << m4 << endl;
cout << "[m5] =" << endl << m5 << endl;

return O;
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Agza lUytgeyjileri | Mat::dims Olgeglerin sany
Mat:: rows Setirlerin sany
Mat::cols Siitiinlerin sany
Agza usullary Mat::channels() Matrisadaky  kanallaryn  sanyny
gorkezyér.
Mat::depth() Matrisada maglumat  gorniisinin
derejesinin yzyna gaytarylmasy
Mat::empty() Yzyna gaytarylma (Return) bos
matrisa elementidir
Mat::size() Matrisanyii  ululygynynn  "Olceg"
gorniisi hokmiinde yzyna
gaytarylmasy
Mat::total() Jemi yzyna gaytarylan matrisa

elementleriniii sany

Mat::resize(sz, s)

sz: iiytgemeli setriit sany
s:  gosmak licin setir
elementinin derejesi

Bar bolan matrisa setirine goré
iytgedin. Sz bar bolan matrisadaky
setirlerin sanyndan az bolsa, asaky
setiri ayyryn we has kop bolsa, bar
bolan matrisanyn asagyna setir
gosun.

Mat::reshape(cn, rows)

cn: tlytgemeli kanallaryn
sany

rows: Uytgemeli setirlerin
sany

Jemi elementlerint sanyny tiytgetmén
matrisany lytgedin. Asyl matrisanyn
we uytgedilen matrisanynl jemi
element sany dent gelmeyian bolsa
valilyslyk vyiize ¢ykyar.

Mat ml( 3., 4.CV 8UCI1)

™

Mat::rows

E

Mat::cols
0 0 0
0 0 0 _
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#include <opencv2/opencv.hpp>
using namespace cv;
using namespace std;

int main()

{
Mat m1(4, 3, CV_32FC3):

cout << “Dimension =" << ml.dims << endl;
cout << “Rows =" << ml.rows << endl;
cout << “Columns =" << ml.cols << endl << end]l;

cout << “Channels =" << m1l.channels() << endl;

cout << “Data Type =" << ml.depth() << endl;

cout << “Matrix Size =" <<ml.size() << endl << end];
cout << “Total Data Number =" << m1.total() << endl,

return O;
¥
Mysal Diisiindirilisi

m1=100 Sag tarapdaky ahli matrisa derejelerini “="
-¢ liytgedin.

ml=m?2 m1, ml-e goclrilmeyér, emma m1 matrisa
m2 matrisany bolyaér.

ml=m2+m3 Sag tarapdaky martisa gosulmasynyn

netijesi m1 matrisasyna gocurilyar.
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#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

int main()

{

Mat m1(2, 3, CV_8U, 2);
Mat m2(2, 3, CV_8U, Scalar(10));

Mat m3=m1l+ m2;
Mat m4 = m2 - 6;
Mat m5 = m1;

cout << "[m2] =" << endl << m2 << endl;
cout << "[m3] =" << endl << m3 << endl;

cout << "[m4] =" << endl << m4 << endl << endl,

cout << "[m1] =" << endl << ml << endl;

cout << "[m5] =" << endl << m5 << endl << endl;
m5 = 100;

cout << "[m1] =" << endl << ml << endl;

cout << "[m5] =" << endl << mb5 << endl;

return O;

Asyl matrisany basga bir matrisa go¢iiriii

Mat clone()

void copyTo (maksat matrisasy, maska matrisasy)

mask matrix: Difie nol dél elementleri gd¢iirin

void convertTo (obyektiw matrisasy, maglumat gorniisi)

data type: Uytgetmek isleydn maglumat gorniisiniz
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#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()
{
double data[] = {
1.1,2.2,3.3,4.4,
5.5,6.6,7.7, 8.9,
9.9, 10, 11, 12
I
Mat m1(3, 4, CV_64F, data);

Mat m2 = m1.clone(); /I m1-den m2-e goglirmek

Mat m3, m4,
ml.copyTo(m3); /I m1-den me-e gogurmek

ml.convertTo(m4, CV_8U); // m1-den m4-e nusgasyny uchar-a dwiryar

cout << "[m1] =\n" << ml << endl,
cout << "[m2] =\n" << m2 << endl,
cout << "[m3] =\n" << m3 << endl;
cout << "[m4] =\n" << m4 << endl,

return O;

3.7 Vector topary

Yzygiderlilik konteyneri C ++ STL (Standart sablon kitaphanasy)

o Wektoryn elementine girmegi: inteks operatoryny [] massiw hokmiinde ulanyn
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- vector(): konstruktor
- void pushback(): wektoryii sofiuna bir element gosyar

- void pop back(): soiiky elementi ayyryar

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

using namespace std;

int main()

{

vector<Point> v1;

v1.push_back(Point(10, 20));
v1.push_back(Point(20, 30));
v1.push_back(Point(50, 60));

vector<float> v2(3, 9.25);
Size arr_size[] = { Size(2, 2), Size(3, 3), Size(4, 4) };
int arr_int[] = { 10, 20, 30, 40, 50 };

vector<Size> v3(arr_size, arr_size + sizeof(arr_size) / sizeof(Size));

vector<int> v4(arr_int + 2, arr_int + sizeof(arr_int) / sizeof(int));

cout << "[vl] " << ((Mat)vl) << endl << endl;
cout << "[v2] " << ((Mat)v2) << endl << endl;
cout << "[v2] " << ((Mat)v2).reshape(l, 1) << endl;
cout << "[v3] " << ((Mat)v3).reshape(l, 1) << endl;
cout << "[v4] " << ((Mat)v4).reshape(l, 1) << endl;

return O;
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3.8 Range topary
[1ki bilen Mat toparynda setirlerin we siitiinlerin yzygiderliligini kesgitlemek tigin
ulanylyar.

e Range (int start, int end)

e Baslangyg¢ (Start) aralygynda, ahyrky (End) aralykda dél

3.9 Matrisa amal funksiyasy

e Matexp inv (usuly): ters matrisa hasaplama usuly

DECOMP.LU Optimal pivot elementini saylap, Gaussyn yok edilmegi.

DECOMP.SVD Yeke-tik baha boliinis (SVD) usuly: ulgam asa
kesgitlenip bilner we/ya-da matrisa srcl yeke bolup biler

DECOMP.CHOLESKY Cholesky faktorlasdyrma: srcl matrisa simmetrik

bolmaly we pozitiw gorniisde kesgitlenmeli

Matexp mul(input matrix): Iki matrisany element boyunca kdpeldin

Matexp t(): Transpoz matrisasyny hasaplan. Bir wagtda denleme.

& 2x,=6
—3x, +2x, +6x,=30

—1r,—2% +32,=8

1 02 X 6 x 1 02 6
—3 26| |x=[80] - |n|=—-3 26| |30
—=1 =23 Ty 8 2l =1L =23 8
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#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()
{
float data[] = {
1,0, 2,
-3, 2, 6,
-1,-2,3

float ans[] = {6, 30, 8 };

Mat m1(3, 3, CV_32F, data);
Mat m2(1, 3, CV_32F, ans);
Mat m2_t = m2.t();

Mat m1_inv = ml.inv(DECOMP_LU);

Mat x =ml _inv* m2_t;

cout <<"[m1] =" << endl << ml << endl;

cout << "[m1_inv] =" << endl << ml_inv << endl << endl;
cout << "[m2(transposed)] =" << endl << m2_t << endl <<
endl;

cout << “solution x1, x2, x3 =" << x.t() << endl;
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3.10 saturate _cast <>

e Sekil maglumatlary (image data): esasan maglumatlary her kanalda 8 bitde
kodlayar.

e Dine 8 bit ulanyandygy sebipli, ¢cakli piksel derejeleri aralygyna eye (0 ~ 255).

e saturate cast () sablon usuly: Bahasy 8 bit gorniisinde saklananda, 8 bitlik
aralykdan gecse, 0 ya-da 255 gorniisinde saklanyar

Mysal

Mat m1(2, 2, CV_8U);

m1(0, 0) =-50; // -> 206

m1(0, 1) = 300; // -> 44

m1(1, 0) = saturate_cast<uchar>(-50);

m1(1, 1) = saturate_cast<uchar>(300);
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4. OpenCV ulanyjy interfeysleri

4.1 Penjirani dolandyrmak

e namedWindow(winname, flags): Penjirdnin adyny diizyar we sol at bilen penjire
doredyar

- flags: penjirdnin 6lgegini liytgetyir

Gorniisi Derejesi Diisiindirilisi
WINDOW.NORMAL 0 Penjirdnin 6lgegi iiytgedilyar
WINDOW_AUTOSIZE 1 Matrisanyn dlgegine gord awtomatiki

gorniisde sazlanyar. Olgegini Uytgetmek

e imshow (): “mat” matrisasyny winname penjiresinde, bir penjire hékmiinde
gOrkezyar

e destroyWindow (): gorkezilen penjirani ekrandan ayyryar

e destroyAllWindows (): ahli gérinyan penjireleri ayyryar

e moveWindow (x, y): winname penjiresini gorkezilen yere gecirydr (x (sutln, y
(setir))
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#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
Mat imagel1(300, 400, CV_8U, Scalar(255));
Mat image2(300, 400, CV_8U, Scalar(100));
string titlel = "white window control”;

string title2 = "gray window control”;

namedWindow(titlel, WINDOW_AUTOSIZE);
namedWindow(title2, WINDOW_NORMAL);
moveWindow(titlel, 100, 200);
moveWindow(title2, 300, 200);

imshow(titlel, imagel);
imshow(title2, image2);
waitKey();
destroyAllWindows();

return O;

4.2 Klawiatura hadysalaryny dolandyrmak

o waitKey (gijikdirme): gijikdirme wagtynda diiwme girisine garasyar, klawiatura
hasydasy yiize ¢ykanda klawiatura derejesini yzyna gaytaryar
- delay: gijikdirme wagty. ms.
- delay <= 0: acar bir hadysa yiize ¢ykyanca tiikkeniksiz garasyar

41



- delay > 0: gijikdirilen wagtyn i¢inde agaryn girizilmegine garagynl. Gijikdirme dowriinde

hi¢ hili diwme girisi yok bolsa -1 yzyna gaytaryar

e Diiwmainin komegi bilen klawiatura giris licin waitKeyEx () ulanyn

e Hadysa dinie penjire aktiw bolanda yiize ¢ykyar.

Belgileyji

EVENT_MOUSEMOVE
Python cv EVENT _MOUSEMOVE

Sycanyn gorkezijisiniil penjirdnini listiinden
gecendigini gorkezyéar

EVENT_LBUTT ONDOWN
Python cv EVENT_LBUTTONDOWN

Sycanyn ¢ep diiwmesiniii basylandygyny
gorkezyar

EVENT_RBUTT ONDOWN
Python cv EVENT_RBUTTONDOWN

Sycanyn sag diiwmesiniii basylandygyny
gOrkezyér

EVENT_MBUTTONDOWN
Python cv EVENT_MBUTTONDOWN

Sycanyn orta diiwmesinii basylandygyny
gOrkezyar

EVENT_LBUTTONUP
Python cv EVENT_LBUTTONUP

Sycanyn ¢ep dilwmesinin goyberilendigini
gOrkezyér

EVENT_RBUTTONUP
Python cv EVENT_RBUTTONUP

Sycanyn sag diiwmesinin goyberilendigini
gOrkezyar

EVENT_MBUTTONUP
Python cv EVENT_MBUTTONUP

Sycanyn orta diiwmesinini goyberilendigini
gOrkezyér

Python cv EVENT _MBUTTONDBLCLK

EVENT_LBUTTONDBLCLK Sycanyn ¢ep diwmesinin iki gezek
Python cv EVENT LBUTTONDBLCLK | basylandygyny gorkezyér
EVENT_RBUTT ONDBLCLK Sycanynn sag diwmesinin 1ki gezek
Python cv EVENT RBUTTONDBLCLK | basylandygyny gorkezyér
EVENT_MBUTT ONDBLCLK Sycanyn orta diwmesine iki gezek

basylandygyny goérkezyar

EVENT_MOUSEWHEEL
Python cv EVENT_MOUSEWHEEL

Polozitel we otrisatel derejeleri degislilikde
one we yza hereket etdirmegi anladyar

EVENT_MOUSEHWHEEL
Python CV EVENT_MOUSEHWHEEL

Polozitel we otrisatel derejeleri degislilikde
saga we cepe hereket etdirmegi anladyar
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#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

void onMouse(int, int, int, int, void *);

int main()

{
Mat image(200, 300, CV_8U);
Image.setTo(255);
imshow(“mouse event 1", image);

imshow(“mouse event 2", image);

setMouseCallback(“mouse event 1", onMouse, 0);
waitKey(0);
return O;

}

/l indiki sahypada dowam et ....
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void onMouse(int event, int x, int y, int flags, void *params)

{
switch (event)
{
case EVENT _LBUTTONDOWN:
cout << “Left mouse button press" << endl;
break;
case EVENT_RBUTTONDOWN:
cout << "Right mouse button press"” << endl;
break;
case EVENT_RBUTTONUP:
cout << "Right mouse button release” << endl;
break;
case EVENT _LBUTTONDBLCLK:
cout << "Left mouse button double click" << endl,
break;
¥
b

4.3 TrackBar hadysalaryny dolandyrmak

Belli bir aralykda belli bir bahany saylamak tcin ulanylyan ¢yzgyc lineykasy ya-da slayder
CYZQye;

TrackBar doredin (tn, pw, sv, max, callback, data)

- tn: TrackBar-yn ady

- pw: esasy penjirdninl ady

- sv: slayderinl bahasy

- max: slayderin il yokary bahasy (ini pes bahasy = 0)
- callback: yzyna ¢agyrys funksiyasy (onChange)
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- data: ulanyjy maglumatlary yzyna cagyrys funksiyasyna gecirildi
#include <opencv2/opencv.hpp>
using namespace Ccv,

using namespace std;

string title = “Trackbar Event";

Mat image;

void onChange(int value, void* userdata)

{
int add_value = value - 128;
cout << “added pixel value " << add_value << endl;
Mat tmp = image + add_value;
imshow(title, tmp);

¥

// dowam et ...

int main()

{
int value = 128;
Image = Mat(300, 400, CV_8UC1, Scalar(128));
namedWindow(title, WINDOW_AUTOSIZE);
createTrackbar(“Brightness", title, &value, 255, onChange);
imshow(title, image);
waitKey(0);
return O;

¥
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4.4 Cyzyk, goniburcluk gyzgysy

cyzyk (img, ptl, pt2, color, thickness, linetype, sift)
gonuburcluk (img, ptl, pt2, color, thickness, linetype, sift)

Img: matrisa (surat)

ptl, pt2: yyldyz nokady, ahyrky nokat
refik: ¢cyzyk ya-da goniiburcly renik
galynlygy: ¢yzygyn galyilygy (-1)

- linetype
Gorniisi Derejesi Diisiindirilisi
LINE_4 4 4 birikdirilen gyzyk
LINE_8 8 8 birikdirilen ¢yzyk
LINE_AA 16 Garsylyga garsy ¢yzyk

sift: saga biraz stiygsmek
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#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
Scalar blue(255, 0, 0), red(0, 0, 255), green = Scalar(0, 255, 0);
Scalar white(255, 255, 255);
Scalar yellow(0, 255, 255);

Mat image(400, 600, CV_8UC3, white);
Point pt1(50, 130), pt2(200, 300), pt3(300, 150), pt4(400, 50);
Rect rect(pt3, Size(200, 150));

line(image, ptl, pt2, red);
line(image, pt3, pt4, green, 2, LINE_AA);
line(image, pt3, pt4, green, 3, LINE_8, 1);

rectangle(image, rect, blue, 2);
rectangle(image, rect, blue, FILLED, LINE_4, 1);
rectangle(image, ptl, pt2, red, 3);

imshow(“Line & Rectangle", image);

waitKey(0);

return O;
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e Cykarylan netije

pt4(400.50)

w’ Line & Rectangle ==

ptI(50 Hﬁ]l / pt3(300. 150)

1 /

150

200

| pt2(200.300)

4.5 Cyzgy teksti

putText (img, text, org, fontFace, fontScale, color, thickness, linetype)

- img: Matrisa tekst yazmak (surat)
- text: hat yazmak
- org: tekstin koordinatlaryny baslatmak
- fontFace: tekstin yazylys gorniisi (srifti)
- fontScale: Sriftint ululygyny yokarlandyrmak faktory
- color: tekstin renki
- thickness: tekstin galynlygy
- linetype: tekst setiriniii gérniisi (default = 8)
e Ekranyn ¢yzygynyn baslangyc koordinatlary ¢ep asaky tarapda

e fontFace: tekstin srifti
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Belgileyji

FONT_HERSHEY_SIMPLEX
Python cv FONT_HERSHEY SIMPLEX

adaty Olcegli sans-serif srifti

FONT_HERSHEY_PLAIN
Python cv FONT_HERSHEY PLAIN

kici Olcegli sans-serif srifti

FONT_HERSHEY_DUPLEX
Python cv FONT_HERSHEY_DUPLEX

adaty Olcegli sans-senf srifti
(FONT_HERSHEY_SIMPLEX-den has
¢ylsyrymly)

FONT_HERSHEY_COMPLEX
Python cv FONT_HERSHEY_ COMPLEX

adaty olcegli serif srifti

FONT_HERSHEY_TRIPLEX
Python cv FONT_HERSHEY _TRIPLEX

adaty Olcegli senf srifti
(FONT_HERSHEY_COMPLEX-den has
¢ylsyrymly)

FONT_HERSHEY_COMPLEX SMALL
Python CV
FONT_HERSHEY COMPLEX SMALL

FONT_HERSHEY_ COMPLEX-in ki¢i
gorniisi

FONT_HERSHEY_SCRIPT_SIMPLEX
Python cv
FONT_HERSHEY_ SCRIPT_SIMPLEX

El bilen yazylyan gorniis srifti

FONT_HERSHEY_SCRIPT_COMPLEX
Python cv
FONT_HERSHEY_SCRIPT_COMPLEX

FONT_HERSHEY_SCRIPT_SIMPLEX-
in has ¢ylsyrymly gorniisi

FONT_ITALIC
Python cv FONT ITALIC

Italik (yasy) srift ticin baydak

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

int main()

{

Scalar olive(128, 128, 0), violet(221, 160, 221), brown(42, 42, 165);
Point pt1(20, 100), pt2(20, 200), pt3(20, 250);

Mat image(300, 500, CV_8UC3, Scalar(255, 255, 255));
putText(image, "SIMPLEX", Point(20, 30), FONT_HERSHEY_SIMPLEX, 1,

brown);

putText(image, "DUPLEX", pt1, FONT_HERSHEY_ DUPLEX, 2, olive);
putText(image, "TRIPLEX", pt2, FONT_HERSHEY_TRIPLEX, 3, violet);
putText(image, "ITALIC", pt3, FONT_HERSHEY_PLAIN | FONT_ITALIC,

2, violet);

imshow(“Text Drawing", image);
waitKey(0);

return O;
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e Cykarylan netije

Point(20, 30)

pt1(20, 100) [—k 11D ‘ |_ w

pt3(20, 250)

4.6 Toweregin ¢yzgysy

e circle(img, center, radius, color, thickness, linetype)

- img: tOwerek ¢yzmak (¢in matrisa (surat)

- center: towereginl merkezi koordinatlary

- radius: toweregin radiusy

- color: toweregin renki

- thickness: toweregin galynlygy

- linetype: towerek ¢yzgysynyi gorniisi (default = 8)

50




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

using namespace std;

int main()

{
Scalar orange(0, 165, 255), blue(255, 0, 0), magenta(255, 0, 255);
Mat image(300, 500, CVV_8UC3, Scalar(255, 255, 255));

Point center = image.size() / 2;
Point pt1(70, 50), pt2(350, 220);

circle(image, center, 100, blue);
circle(image, ptl, 80, orange, 2);

circle(image, pt2, 60, magenta, -1);

int font = FONT_HERSHEY_ COMPLEX;

putText(image, "center_blue", center, font, 1.2, blue);
putText(image, "ptl_orange", ptl, font, 0.8, orange);
putText(image, "pt2_magenta"”, pt2 + Point(2, 2), font, 0.5, Scalar(0,
0,0), 2);

putText(image, "pt2_magenta", pt2, font, 0.5, magenta, 1);

imshow(“Circle Drawing", image);

waitKey(0);

return O;
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e Cykarylan netije

' = @32

4.7 Surat faylyny isliap tayyarlamak

e imread (file name, flags)

- file name: okaljak surat faylynyi ady

- flags: renikin gorniisi

Belgileyji

IMREAD_UNCHANGED Python cv
IMREAD_UNCHANGED

Gurnalan bolsa, yiklenen suraty bir
gorniisde yzyna gaytaryar (alfa kanaly
bilen bolmasa 4 sanysy kesiler)

IMREAD_GRAYSCALE Python cv
IMREAD_GRAYSCALE

Gurnalan bolsa, suraty hemise yeke
kanal cal renikli sekile dwiiryar (kodek
icerki dwriilisigi)

IMREAD_COLOR Python cv
IMREAD _COLOR

Gurnalan bolsa, suraty hemise 3 kanally
BGR reinikli sekile dwiiryar

IMREAD_ANYDEPTH Python cv
IMREAD_ANYDEPTH

Girige garsylyk gelyéin cunluga eye
bolanda 16 bit / 32 bit suraty yzyna
gaytarsa, yogsam 4-di 8 bite Owiirin

IMREAD_ANYCOLOR Python cv
IMREAD_ANYCOLOR

Gurnalan bolsa, surat 1slendik renk
gorniisinde okalyar

IMREAD_LOAO_GDAL Python cv
IMREAD LOAO GDAL

Suraty yiklemek Gcin gdal draywerini
ulanyn
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IMREAD_REDUCED_GRAYSCALE_2
Python cv
IMREAD REDUCED GRAYSCALE 2

Gurnalan bolsa, hemise suraty yeke
kanally cal renkli surata Owiiryar we
suratyn Olgegi 1/2-e cenli azalyar

IMREAD_REDUCED_COLOR_2 Python
cv IMREAD _REDOCED COLOR 2

Gurnalan bolsa, surat hemise 3 kanally
BGR renkli surata owiiryar we suratyn
Olcegi 1/2-e ¢enli azalyar

IMREAD_REDUCED_GRAYSCALE 4
Python cv
IMREAD _REDUCED_GRAYSCALE 4

Gurnalan bolsa, hemise suraty yeke
kanally ¢al refikli surata Owiiryar we
suratyn Olgegi 1/4-e cenli azalyar

IMREAD_REDUCEO_COLOR_4 Python
cv IMREAO_REDUCED COLOR 4

Gurnalan bolsa, surat hemise 3 kanally
BGR reiikli surata dwiiryir we suratyn
6lceqi 1/4-e ¢enli azalyar

IMREAD_REDUCED_GRAYSCALE 8
Python cv
IMREAD REDUCED GRAYSCALE 8

Gurnalan bolsa, hemige suraty yeke
kanally cal refikli surata Owliryar we
suratyn olgegi 1/8-e ¢enli azalyar

IMREAD_REDUCED_COLOR_8 Python
cv IMREAD_REDUCED _COLOR 8

Gurnalan bolsa, surat hemise 3 kanally
BGR renikli surata dwiirydr we suratyi
Olcegi 1/8-e cenli azalyar

IMREAD_IGNORE_ORIENTATION
Python cv
IMREAD IGNORE_ORIENTATION

Gurnalan bolsa, suraty EXIP-in
ugrukdyryjy baydagyna goérd dwiirman.

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

void print_matInfo(string name, Mat img)
{ |

string str;

int depth = img.depth();

if (depth == CV_8U) str ="CV_8U";

}

else if (depth == CV_8S) str = "CV_8S";
else if (depth == CV_16U) str = "CV_16U";
else if (depth == CV_16S) str = "CV_16S";
else if (depth == CV_32S) str = "CV_32S";
else if (depth == CV_32F) str ="CV_32F";
else if (depth == CV_64F) str = "CV_64F";
cout << name;

cout << format(": depth(%d) channels(%d) -> data type: ", depth,

img.channels());

cout << str << "C" << img.channels() << endl;

// indiki sahypda dowam et ....
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int main()

{

string filename = "../image/read_color.jpg";

Mat color2gray = imread(filename, IMREAD_GRAYSCALE);
Mat color2color = imread(filename, IMREAD_COLOR);
CV_Assert(color2gray.data && color2color.data);

Rect roi(100, 100, 1, 1);
cout << “Matrix (100,100) pixel value " << endl;
cout << "color2gray " << color2gray(roi) << endl;

cout << "color2color " << color2color(roi) << endl;

print_matlInfo(""color2gray”, color2gray);
print_matinfo("color2color"”, color2color);
imshow("color2gray", color2gray);
imshow("'color2color”, color2color);
waitKey(0);

return O;

imwrite (file name, image, parameter vector)

- file name: faylyn adyny yatda saklayar

- image: matrisa (surat) yazdyrylar

- parameter vector: parametr wektor jibitine baglylykda - gysys usuly
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Belgileyji

IMWRITE_JPEG_QUALITY
Python cv IMWRITE_JPEG_QUALITY

JPEG ugin 0 bilen 100 arasynda hil bolup
biler (nidce yokary bolsa songca gowy)
Bellenen (default) derejesi 95

IMWRITE_PNG_COMPRESSION
Python cv
IMWRITE_PNG_COMPRESSION

PNG ii¢in gysys derejesi 0 bilen 9
aralygynda bolup biler. Has yokary dereje
has kici 6lcegi we has uzyn gysys wagtyny
anladyar, strategiya
IMWRITE_PNG_STRATEGY_DEFAULT
(Z_DEFAULT_STRATEGY) gorniisinde
uytgedilyar.

Bellenen (default) derejesi 1 (in gowy tizlik
sazlamasy).

e Gineltme ady bilen suratyn faylyny yatda saklamak ansat.
e Surat fayl formatlary: JPG, BMP, PNG, TIF, PPM we s.m.

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

int main()

{

Mat img8 = imread("../image/read_color.jpg", IMREAD_COLOR);

CV_Assert(img8.data);

vector<int> params_jpg, params_png;

params_jpg.push_back(IMWRITE_JPEG_QUALITY);

params_jpg.push_back(50);

params_png.push_back(IMWRITE_PNG_COMPRESSION);

params_png.push_back(9);

imwrite("../image/write_testl.jpg", img8);

imwrite("../image/write_test2.jpg", img8, params_jpg);

imwrite("../image/write_test.png", img8, params_png);

imwrite(*../image/write_test.omp", img8);

return O;
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4.8 Wideo-ny isldp tayyarlamak

e Wideo fayly, format boyunca kodek bilen gysylyar we yazga alnan wideo fayly

acylyar.
¢ VideoCapture topary: Kameradan ya-da wideo faylyndan kadry (kaframe) okayar.

- VideoCapture (faylyn ady, enjam)

- device: Surata alyan enjamyn sahsyyetnamasy (kamera bar bolsa 0)

- open (): wideo fayly ya-da kamerany agmak

- isOpened (): Surata alyan enjamyn aylanmagyny birikdiryar

- get (): ayratynlyk kesgitleyjinin derejesini Gwiiryar

- set ():ayratynlyk kesgitleyjini ulanyp wideo ayratynlyklaryny sazlayar

- read (): wideo kadrynyn okayar, sofira surat matrisasyna gegiryar

e Ayratynlyk kesgitleyji

Belgileyji

CAP_PROP_POS_MSEC Python cv
CAP_PROP POS MSEC

Wideo faylynn millisekuntda hazirki
yerlesisi

CAP_PROP_POS_FRAMES Python cv
CAP PROP POS FRAMES

Sonra kody ¢0ziljek / alynjak kadryn O
esasly gorkezijisi

CAP_PROP_POS_AVI _RATIO Python cv
CAP PROP POS AVI RATIO

Wideo faylyii otnositel yagdayy 0 =
filmin baslangyjy, 1 = filmii sony

CAP_PROP_FRAME_WIDTH Python cv
CAP _PROP FRAME WIDTH

Wideonyn akymyndaky kadrlaryn
ginligi

CAP_PROP_FRAME_HEIGHT Python cv
CAP_PROP FRAME HEIGHT

Wideonyn akymyndaky kadrlaryn
beyikligi

CAP_PROP_FPS Python cv
CAP PROP FPS

Kadryn tizligi

CAP_PROP_FOURCC Python cv
CAP PROP FPS

4 simwolly kody VideoWriter :: fource
seredin

CAP_PROP_FRAME_COUNT Python cv
CAP PROP FRAME COUNT

Wideo fayldaky kadrlaryn sany

CAP_PROP_FORMAT Python cv
CAP_PROP_FORMAT

VideoCapture::retrieve() tarapyndan
yzyna gaytarylan Mat obyektlerinin
formaty

CAP_PROP_MODE Python cv
CAP PROP MODE

Hézirki surata diisiiris tertibini
gOrkezyan arka derejesi
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CAP_PROP_BRIGHTNESS Python cv
CAP_PROP_BRIGHTNESS

Suratyn yagtylygy (difie goldayan
kameralar Gcin)

CAP_PROP_CONTRAST Python cv
CAP PROP CONTRAST

Surat kontrasty (dine goldayan
kameralar igin)

CAP_PROP_SATURATION Python cv
CAP_PROP_SATURATION

Suratyn doygunlygy (dinie goldayan
kameralar Gcin)

CAP_PROP_HUE Python cv
CAP PROP HUE

Suratyn 6wiisgini (dinie goldayan
kameralar Gigin)

CAP_PROP_GAIN Python cv
CAP_PROP_HUE

Suraty almak (dine goldayan kameralar
ugin)

CAP_PROP_EXPOSURE Python cv
CAP_PROP_EXPOSURE

Ekspozisiya (dine goldayan kameralar
ugin)

CAP_PROP_AUTOFOCUS Python cv
CAP _PROP AUTOFOCUS

e VideoWriter topary: surat matrisasyny wideo faylyna yazdyrmak

- VideoWriter (file name, fourcc, fps, framesize, isColor)

- fourcc: 4 simwolly kodek kody

- fps: sekuntda kadrlar

- framesize: wideo kadyrynyn dlgegi (Sutlin x setir)

- isColor: dogry (ture) - renkli echo, yalnys (false) - ¢al kadryn kodlanmagy

- open (): wideo faylyny agmak

- isOpened (): wideo yazmak faylyny owiiriilisigini agmak

- write (): surat matrisasyndan wideo kadryny yazmak

- 4 simwolly kodek kody (www.fourcc.org)

4 simwolly kod

Diisiindiirilisi

CV.FOU RCC.PROM PT

Kodek saylamasy

VideoWriter::fourcc('D', T, 'V, ’4") DivX MPEG-4
VideoWriter::fourcc('D', T, 'V, '5') Div5
VideoWriter::fourcc('D', '1', 'V, ’X") DivX MPEG-4
VideoWriter::fourcc(D', 'X', 'S, ’0O") DivX MPEG-4
VideoWriter::fourcc('F’, 'M', 'R '4") Ffmpeg
VideoWriter::fourcc(T, 'Y', U, 'V") IYuv
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http://www.fource.org/

VideoWriter::fourcc('M’, 'J', 'R 'G') Hareketli JPEG kodek
VideoWriter::fourcc('M', 'P', '4, '2") MPEG v2
VideoWriter::fourcc(‘M', 'P', 'E, 'G") MPEG kodekleri
VideoWriter::fourcc('X'; 'V', '1, 'D") XVID kodekleri
VideoWriter::fourcc('X', '2', '6, '4") H.264 / AVC kodekleri

// Wideo kadryny okayan programma
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
VideoCapture capture(0);
if (capture.isOpened())
{

cout << “camera not connected!!" << endl;

exit(1);

¥

cout<<“Width "<<capture.get(CAP_PROP_FRAME_WIDTH) << endl;
cout<<“Height"<<capture.get(CAP_PROP_FRAME HEIGHT) <<endl;
cout<<“Exposure "<<capture.get(CAP_PROP EXPOSURE) << endl;
cout<<“Brightness "<<capture.get(CAP_PROP_BRIGHTNESS) << endl;

Point shade = Point(10, 40) + Point(2, 2);
int font = FONT_HERSHEY_SIMPLEX;

string text = "EXPOS: " + to_string((int)capture.get(CAP_PROP_EXPOSURE));
Mat frame;
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for (;;) {
capture.read(frame);
putText(frame, text, shade, font, 0.7, Scalar(0, 0, 0), 2);
putText(frame, text, Point(10, 40), font, 0.7, Scalar(120, 200, 90), 2);
imshow(“Camera Viewer", frame);
if (waitkey(30) >=0)

break;

}

return O;
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// Wideo kadryny yazyan programma

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

int main()

{

VideoCapture capture(0);
CV_Assert(capture.isOpened());
double fps = 29.97;
int delay = cvRound(1000.0 / fps);
Size size(640, 480);
int fourcc = VideoWriter::fourcc('D’, 'X', '5', '0);
capture.set(CAP_PROP_FRAME_WIDTH, size.width);
capture.set(CAP_PROP_FRAME_HEIGHT, size.height);
cout << "width x height : " << size << endl;
cout << "VideoWriterfourcc : " << fourcc << endl;
cout << "delay : " << delay << endl;
cout << "fps: " << fps << endl;
VideoWriter writer;
writer.open("../image/video_file.avi", fourcc, fps, size);
CV_Assert(writer.isOpened());
Mat frame;
for (;;) {

capture >> frame;

writer << frame;

imshow(“Camera Viewer", frame);

iIf (waitKey(delay) >= 0)

break;

by

return O;
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// Wideo faylyny okayan programma
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
VideoCapture capture;
capture.open("../image/video_file.avi");
CV_Assert(capture.isOpened());

Mat frame;

double frame_rate = capture.get(CAP_PROP_FPS);
int delay = 1000 / frame_rate;

int frame_cnt = 0, font = FONT_HERSHEY_PLAIN;
Point pt(25, 55);

Point shade = pt + Point(2, 2);

while (capture.read(frame))

iIf (waitKey(delay) >= 0) break;

string text = "Frame Count : ";

text += to_string(frame_cnt++);

putText(frame, text, shade, font, 1.8, Scalar(0, 0, 0), 2);
putText(frame, text, pt, font, 1.8, Scalar(120, 200, 90), 2);

imshow(“Video File Reading", frame);

}

return O;
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5. Massiwlerde OpenCV amaly

5.1 Massiwleri isldp tayyarlamagyn esasy funksiyalary

o flip (src, dst, flipCode): dik, kese, iki taraply hem siiysme

- src: input Array - dst: out Array

- flipCode: 0 - keseligine éwirmek

- 1 - dikligine 6wirmek

-1 - keseligine we dikligine dwiirmek

e transpose (): giris matrisasyny transpose matrisasyny yzyna gaytaryar

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

using namespace std;

int main()

{
Mat image = imread("../image/flip_test.jpg", IMREAD_COLOR);
CV_Assert(image.data);

Mat x_axis, y_axis, xXy_axis, trans_img;
flip(image, x_axis, 0);

flip(image, y_axis, 1);

flip(image, xy_axis, -1);

transpose(image, trans_img);

imshow("image", image);

imshow("'x_axis", x_axis);
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imshow("y_axis", y_axis);
imshow("xy_axis", xy_axis);
imshow("trans_img", trans_img);
waitKey();

return O;

5.2 Kanaly isldp tayyarlamak funksiyalary

¢ 3 kanally matrisanyn (refikli) elementlerini yatda saklamagyn usuly

3 Channel Mat — Color image -> pixel-wise method rounding
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/[ Surat kanalyny bolmek programmasy
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
Mat image = imread("../image/color.jpg"”, IMREAD_COLOR);
CV_Assert(image.data);

Mat bgr[3];

split(image, bgr);
imshow("image", image);
imshow(“Blue Channel", bgr[0]);
imshow(“Green Channel", bgr[1]);
imshow(“Red Channel", bgr[2]);
waitKey(0);

return O;
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5.3 Massiwlerin dort esasy hereketi

e Element esasly amaly yerine yetiryar

e add/gosmak (), subtract/ayyrmak (), multiply/kdpeltmek (), divide/bdlmek ()

elementli
1) 12 13 3y & 3 12) 14 16
21 22 23 + - ° 6 = 25 27 29
31 3233 7 8 9 38 40 (42

elementli
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I/l Massiwlerin dort esasy amaly

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

int main()

{

Mat m1(3, 6, CV_8UC1, Scalar(10));

Mat m2(3, 6, CV_8UC1, Scalar(50));

Mat m_add1, m_add2, m_sub, m_divl, m_div2;
Mat mask(m1l.size(), CV_8UC1, Scalar(0));

Rect rect(Point(3, 0), Size(3, 3));
mask(rect).setTo(1);

add(m1, m2, m_addl);

add(m1, m2, m_add2, mask);

divide(m1, m2, m_divl);

ml.convertTo(ml, CV_32F);

m2.convertTo(m2, CV_32F);

divide(m1, m2, m_div2);

cout <<"[m1] =" << endl << ml << endl;

cout <<"[m2] =" << endl << m2 << endl;

cout << "[mask] =" << endl << mask << endl << endl;
cout <<"[m_add1] =" << endl << m_add1 << endl,
cout << "[m_add2] =" << endl << m_add2 << endl;
cout << "[m_divl] =" << endl << m_divl << endl;
cout << "[m_div2] =" << endl << m_div2 << endl;

return O;
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5.4 Massiw amalynyn koki, giiyji, ululygy

sgrt (input, output): dhli massiw elementlerinin kwadrat kok hasaplamasy
e pow (input, power, output): dhli massiw elementlerinin giiy¢ hasaplamasy

e magnitude (X, y, output): X we y wektorlarynyn ululyk hasaplamasy

magnitude(i) = /x(i)? + y(i)?

e exp (input, output): ahli massiw elementlerinin ekspensial hasaplamasy

¢ log (input, output): &hli massiw elementlerinin tebigy logaritm hasaplamasy

5.5 Massiwlerde logiki bit amallar
¢ Bit esasly massiw elementlerinde logiki amallary yerine yetirini

- bitwise_and (inputl, input2, output, mask)

- mask: Hasaplamalary, dinie nol derejesi bolmadyk pozisiyalar ii¢in yerine yetirif
- bitwise_or(inputl, input2, output, mask)

- bitwise_xor(inputl, input2, output, mask)

- bitwise_not(input, output, mask)
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// Massiwlerin logiki bit amallary
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

int main()

{
Mat imagel1(250, 250, CV_8U, Scalar(0));
Mat image2(250, 250, CV_8U, Scalar(0));

Mat image3, image4, image5, image6;

Point center = imagel.size() / 2;
circle(imagel, center, 80, Scalar(255), -1);
rectangle(image2, Point(0, 0), Point(125, 250), Scalar(255), -1);

bitwise or(imagel, image2, image3);
bitwise_and(imagel, image2, image4);
bitwise_xor(imagel, image2, image5);

bitwise_not(imagel, image6);

imshow(""imagel”, imagel);
imshow("image2", image2);
imshow("bitwise_or", image3);
imshow("bitwise_and", image4);
imshow("bitwise_xor", image5);
imshow("bitwise_not", image6);
waitKey();

return O;

68



e Cykarylan netije

B | bitwiss_and : ol T’ " bitwiee_or

"} imagel |- ‘.E;‘h-i

B | imaged 1 | bitwise xor

*_ bitwise_not =) ftin

5.6 Massiw amalynyn Maks., Min. absolyut derejesi

abs (): dhli massiw elementlerinin absolyut derejesini hasaplayar

absdiff (): Tki massiw element boyunca ayrylandan son absolyut derejéni hasaplayar

max (srcl, src2, dst): srcl we src2-i element esasynda denesdiryar we dst matrisada uly
derejéni yzyna gaytaryar

min (srcl, src2, dst): srcl we src2 elementleri denesdirilende dst matrisada pes derejeleri

yzyna gaytaryar
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// Massiw amalynyn Maks., Min. absolyut derejesi

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

int main()

{

Mat imagel = imread("../image/Semiconduct.tif", 0);
Mat image2 = imread("../image/Semiconduct2.tif", 0);
CV_Assert(imagel.data && image2.data);

Mat dif_img, abs_dif1, abs_dif2;

imagel.convertTo(imagel, CV_16S);
Image2.convertTo(image2, CV_165);
subtract(imagel, image2, dif img);
abs_difl = abs(dif _img);

imagel.convertTo(imagel, CV_8U);
image2.convertTo(image2, CV_8U);
dif_img.convertTo(dif _img, CV_8U);
abs_difl.convertTo(abs_difl, CV_8U);

absdiff(imagel, image2, abs_dif2);

imshow("imagel", imagel), imshow("image2", image2);
imshow("dif_img", dif_img);

imshow("abs_difl", abs_difl), imshow("abs_dif2", abs_dif2);

Mat image_max, image_min;

imagel = imread("../image/abs_testl.jpg", 0);
image2 = imread("../image/abs_test2.jpg", 0);
CV_Assert(imagel.data && image2.data);
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max(imagel, 120, image_max);
min(imagel, image2, image_min);
image_max.convertTo(image_max, CV_8U);

Image_min.convertTo(image_min, CV_8U);

imshow(""image_max", image_max);
imshow("image_min", image_min);
waitKey();

return O;

5.7 Massiwler bilen amallaryn statistikasy

sum(input): bir massiwdaky her kanalyi elementlerinii jemini hasaplayar

mean(input, mask): Massiwdaky her bir kanal {i¢in elementlerin ortaga mukdaryny
hasaplayar

mask: Hasaplamalary dinie nol bolmadyk derejelere eye bolan pozisiyalar Gcin yerine
yetiryar

meanStdDev(input, mean, stddev, mask): Massiw elementlerinin ortaca we standart
gysarmagyny hasaplayar

countNonZero (): massiwdaki nol bolmadyk elementlerip sanyny yzyna gaytaryar
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// Massiwler bilen amallaryni statistikasy
#include <opencv2/opencv.hpp>
using namespace cvi;

using namespace std;

int main()

{
Mat image = imread("../image/sum_test.jpg", 1);
CV_Assert(image.data);

Mat mask(image.size(), CV_8U, Scalar(0));
mask(Rect(20, 40, 70, 70)).setTo(255);

Scalar sum_value = sum(image);

Scalar mean_valuel = mean(image);

Scalar mean_value2 = mean(image, mask);

cout << "[sum_value] =" << sum_value << endl;

cout << "[mean_valuel] =" <<mean_valuel << endl,

cout << "[mean_value2] =" << mean_value2 << endl << endl;
Mat mean, stddev;

meanStdDev(image, mean, stddev);

cout << "[mean] =" << mean << endl;

cout << "[stddev] =" << stddev << endl << endl,;

meanStdDev(image, mean, stddev, mask);

cout << "[mean] =" << mean << endl;

cout << "[stddev] =" << stddev << endl;
imshow("image”, image), imshow("'mask", mask);
waitKey();

return O;
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6. OpenCYV ulanyp, suratlary isléip tayyarlamak

6.1 Surat piksellerine girmek

e Mat :: at (): Matrisanyn gorkezilen elementine (piksel) giryan sablon funksiyasy
e Mat :: at () funksiyasynyn maglumatlary yzyna gaytarmak gorniisi, massiw

elementinint maglumat gorniisine layyk gelmelidir

- matl.at <uchar> (10, 20);

- mat2.at <int> (i, j);

- mat3.at <iki esse> (y, x);

- mat4.at <Vec3d> (y, x) [0];

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

using namespace std;

int main()
{
Mat image = imread("../image/pixel_test.jpg", IMREAD_GRAYSCALE);
if (image.empty()) {
cout << “can’t open Image!!!" << end];
exit(1);
¥

Rect roi(135, 95, 20, 15);

Mat roi_img = image(roi);

73



Mat image_roi(Size(roi_img.cols * 10, roi_img.rows * 10), CV_8U,
Scalar(0));

for (int 1 =0; i <roi_img.rows; i++) {
for (int j = 0; j < roi_img.cols; j++) {
for (int k = 0; k < 10; k++) {
for (int m = 0; m < 10; m++)
image_roi.at<uchar>(i*10+k, j*10+m) =
roi_img.at<uchar>(i, j);
b
¥
¥

imshow("image_roi", image_roi);

cout << "[roi_img] =" << endl,

cout << roi_img << endl;

rectangle(image, roi, Scalar(255), 1);
imshow("image", image);
waitKey();

return O;
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e Cykarylan netije

6.2 Suratyn yagtylyk bahasyny gosmak / ayyrmak

// Suratyn yagtylygynyn derejesini gosmak / ayyrmak
#include <opencv2/opencv.hpp>
using namespace Ccv,

using namespace std;

int main()

{
Mat image = imread("../image/bright.jpg"”, IMREAD_GRAYSCALE);

CV_Assert(limage.empty());
Mat dstl = image + 100; // Automatic saturate_cast

Mat dst2 = image - 100; // Automatic saturate_cast

Mat dst3 = 255 - image; // Image negative transform
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Mat dst4(image.size(), image.type());
Mat dst5(image.size(), image.type());

for (int i = 0; i < image.rows; i++) {
for (int j = 0; j < image.cols; j++) {
dst4.at<uchar>(i, j) = image.at<uchar>(i, j) + 100;

dst5.at<uchar>(i, j) = 255 - image.at<uchar>(i, j);

¥

imshow(“Original Image", image);
imshow("dstl - Brighter", dstl);
imshow("'dst2 - Darker", dst2);
imshow("dst3 - Inversion", dst3);
imshow("dst4 - Brighter", dst4);
imshow("dst5 - Darker", dst5);
waitKey();

return O;

}

//dst4.at<uchar>(i, j)=saturate_cast<uchar>(image.at<uchar>(i, j) + 100);
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6.3 Gistogramma

e Suratdaky her pikselin yagtylyk derejelerinini sanyny gorkezyan grafika

e Kese (gorizontal) ok - pikselin yagtylyk derejesi
e Dik ok, her pikselin yagtylygynyn yygylygydyr

—_—— T . "
yyaylyk . o o w1 x] 2 [k [ -
yyaylyk

i Ll

piksel yagtylyk derejesi

¥ &l 5§ 98 Bl TS 97 VIZ OS2 V2 MEY VOO 196 1540097183 183
5 WA 8 % B

15 A WE 18 4 15 9%

18 18 13 23 18 13 56 13
18 16 15 14 14 14 14 14

SRR BN IJT VNG DN B O E T

& Gk

5 16 13 T &
16 17 A7 17 17 16 5 M4 13 08 15 17 W 18 V3 Q0 28 13

H.H

TH2 AT 252 N8 174 §TS V62 180 179 181 FEY 181 162 182 FB3 YB3 163 194 1HS 185
146 235 237 A1 197 172 178 181 176 179 180 180 179 181 TAS 185 181 185 185 186
115 213 258 236 2V4 RE2 172 1BE VB0 ITT 1TE V2 V82 VTROVRY IBZO1TS N84 165 185
128 163 220 351 233 183 1GR 189 177 141 179 163 165 17D 1Bk 180 186 194 B4 184
156 143 184 F31 255 206 171 TR0 16T 181 80 181 82 181180 18T 184 183 183 184
T30 133 W27 168 219235 20T 972 179 174 W0 4T 179 184 183170 179 183 163 183
36 184 S T 125 158 195 192 205 197 059 195 1531 190 183 184 180 183 163 184

T4 154
9 (30} 23 19 3 & 57 117 180 153 104 164 194

B I 1920 2% 19 1@ TE- 13 5 14 (J0} O 90 108 7R3 184 166 185
12| 73 145 15 15 15 I-ﬂ@;‘ﬁ 18 W 2% 8 23114208 150190
150 g

126 201

29123
582

77

Il et}
e | 2
-



OpenCV gistogramma hasaplayys funksiyasy bilen iipjiin edilyar

calcHist (img, nimg, chn, mask, hist, dims, histsize, range)

img: asyl surat massiwi (CV_8U ya-da CV_32F maglumat gorniisi)

nimg: asyl surat belgileri

chn: kanal sanawy

mask: maska massiwi (Difie nol bolmadyk dereja eye bolan pozisiyalar Ggin
hasaplamalary yerine yetiryér)

hist: gistogramma hasaplamagyn netijelerinin yzygiderliligini saklayar

dims: gistogrammanyn o6lgeginin belgisi

histsize: her 6lgegin gistogramma massiwinin ululygy

range: gistogrammanyn piksel derejesinin diapazony
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6.4 Gistogrammany hasaplamak

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

using namespace std;

void calc_Histo(const Mat& image, Mat& hist, int bins, int range_max
= 256)
{

int histSize[] = { bins };

float range[] = { O, (float)range_max };

int channels[] ={ 0 };

const float™ ranges[] = { range };

calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges); //
OpenCV
¥
int main()
{
Mat image = imread("../image/pixel_test.jpg", IMREAD_GRAYSCALE);
CV_Assert(limage.empty());
Mat hist, hist_img;
calc_Histo(image, hist, 256);

cout << hist.t() << endl;
imshow(*"image”, image);
waitKey();

return O;

79



e Cykarylan netije

AN et el

—= e P P P e LT

HE

194, 207,

(157, 51, 66, 107, 111, 150, 188, 167, 251, 271, 295, 391, 399, 433, 447, 496, 453,
4, 545, 554 535, 861, 53T, 522, 514, 821, 488, 496, 462, 494, 429, 434, 439, 433
00, 378, 401, 378, 334, 363; 349, 389, 314, 306, 322, 2896, 330, 278, 295 303, 276
o2, 319, 204, 248, 237, 285, g4, 264, 281, 221, 207, 242, 246, 218, 245, 200, 211
w0a, 194, 19, 204, 289, 188, 214, 178, 241, 218, 185, 205, 231, 211, &34, 26, 218
Bo6, 227, 232, 244 259, 282, 264, 280, 302, 379, 439, 458, 437, B3 332, 345, 264
73, 243, 288, 243, 225, 217, 222, 215, 188, 203, 186, 173, 211, 184, 164, 165, 164,
i=7, 160, 142, 148, 185, 123, 132, 123, WiT. 133, 125, 11T, vi5, 127, 103, 85, 104,
L9780, B3, 115, 104, 92, 97, G0, 105, TV, 104, 76, BT, 96, 113, 147, 184,
;832 289, 385 273, 355, 371, 419, 459 412, 423, 414 381, 441, 902, -804, 1175,

140,

10

120, 99, 92, 105

1485.

=T, 686, 470, 300, 281, 272, 240, 217, 173, 191, 198, 195, 220, 206, 203, 247, 211, 2
%08, 302, 372, 37, 607, 679, T16, 540, 435, 384, 448, L5728, 520, 433, 3594, 373, 279, 2
B, 239, 186, 194, 154, 1850, 161, 132, V89, 123, 134, 18 125, 110,
BN | =0 |- R . SRR o Rl | 2 T 1, - TS | B v f I BSL 2 2 GEE ) F 1e.! l  |-  f

147, 121, 128, 144, 102, 119, 108, 94, 96, 108, 110, 148, 151, 185, :934]

80




6.5 Gistogramma ¢yzmak

/I Gistogrammany ¢yzmak programmasy
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

void calc_Histo(const Mat& image, Mat& hist, int bins, int range_max = 256)
{

int histSize[] = { bins };

float range[] = { O, (float)range_max };

int channels[] = {0 };

const float™ ranges[] = { range };

calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges);

¥
void draw_histo(Mat hist, Mat &hist_img, Size size = Size(256, 200))

{
hist_img = Mat(size, CV_8U, Scalar(255));
normalize(hist, hist, 0, hist_img.rows, NORM_MINMAX);

for (int i = 0; i < hist.rows; i++) {
Point2f ptl = Point2f(i, 0);
Point2f pt2 = Point2f((i + 1), hist.at <float>(i));

if (pt2.y > 0)
rectangle(hist_img, ptl, pt2, Scalar(0), -1);
by
flip(hist_img, hist_img, 0);
¥
int main()
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Mat image = imread("../image/lena_std.tif", IMREAD_GRAYSCALE);
CV_Assert(!image.empty());

Mat hist, hist_img;
calc_Histo(image, hist, 256);
draw_histo(hist, hist_img);

imshow(“Histogram Image”, hist img);
imshow(“Image", image);
waitKey();

return O;

82



6.6 Gistogrammany gineltmek

e Gistogrammalarynl insiz paylanmagy sebépli pes kontrastly sekiller iicin sekilini
hilini yokarlandyrmak usullary

| image - o IEE B dst-stretching = o HEE

L img_hist = 0 n H dsths - o'W
img s -
old pixel — low
(high —low) X x = 255 = y = 255
(htgh low)
(old pixel — low) X x dstrin - o HEM
ixel = (old pixel) X 250
new pixel = (old pixe (high — low) Iﬂ

83



/I Gistogrammany gineltme programmasy

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

void calc_Histo(const Mat& image, Mat& hist, int bins, int range_max
= 256)

{

int histSize[] = { bins };

float range[] = { O, (float)range_max };

int channels[] = {0 };

const float* ranges[] = { range };

calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges);

¥

void draw_histo(Mat hist, Mat &hist_img, Size size = Size(256, 200))
{

hist_img = Mat(size, CV_8U, Scalar(255));

normalize(hist, hist, 0, hist_img.rows, NORM_MINMAX);

for (int i = 0; i < hist.rows; i++) {

Point2f ptl = Point2f(i, 0);

Point2f pt2 = Point2f((i+1), hist.at <float>(i));

if (pt2.y > 0)

rectangle(hist_img, ptl, pt2, Scalar(0), -1);

¥

flip(hist_img, hist_img, 0);

¥

void search_valueldx(Mat hist, int &low_value, int &high_value)
{

inti;

for (1= 0; i < hist.rows; i++) {
if (hist.at<float>(i) > 0)
break;
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}

low value =1;

for (i = hist.rows; i > 0; i--) {
if (hist.at<float>(i) > 0)

break;
by
high_value =1;
b
int main()
{

Mat image = imread("../image/Lenna-histo_str.tif", 0);

CV_Assert(fimage.empty());

Mat hist, hist_dst, hist_img, hist_dst_img;
Int histsize = 256, ranges = 256;
calc_Histo(image, hist, histsize, ranges);

draw_histo(hist, hist_img);

int low_value, high_value;
search_valueldx(hist, low_value, high_value);
cout << "high_value =" << high_value << endl;

cout << "low_value =" << low_value << endl;

int d_value = high_value - low_value;
Mat dst = (image - low_value) * (255.0 / d_value);

calc_Histo(dst, hist_dst, histsize, ranges);
draw_histo(hist_dst, hist_dst_img);

imshow("Original Image", image);
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imshow("Hist. Stretch. Image", dst);
imshow(""Hist. of Origin", hist_img);
imshow(""Hist. of Stretch. Image", hist_dst_img);
waitKey();

return O;

6.7 Gistogrammany denlemek

e Gin gistogramma paylanysy bolan, emma kontrast paylanysy bir tarapa stiysirilen

suratlar {li¢in degislidir

[1-nji &dim] Gistogrammanyn hasaplanmasy

[2-nji 4dim] Gistogrammanyn toplanan jemini hasaplamak

suml[i] = ihfé‘f[f]
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[3-nji &dim] Toplanan jeminin kadalagdyrylmagy

1
n[i]= sum[i] x W x I ..

- N: Piksellerit umumy sany
- | max: In yokary piksel yagtylyk derejesi
e 1-nji &dim

- Gistogrammanyn hasaplanmasy

2 | 4 3 1 _
2 | 3 | 3 3 ]
2
I 0 I 2
|
0 I I 2 ;
0
0 1 2 3 4 5
yagtylyk pikseli
(a) giris sekili

(b) gistogramma
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e 2-nji &dim

- Gistogrammanyn toplanan jemini hasaplamak

X Bright. ’;ﬁfm'
D — 0 2
4 — I 7
3 - 2 Il
3 14
2

4 16
| 5 16
0= T N g 6 16
0 1 2 3 4 & 6 7 =
Yagtylyk pikseli / 16

(a) Gistogramma (b) Toplanan jemi

e 3-nji &dim

- Toplanan jeminin kadalasdyrylmagy
- n[i]=suml[i]*(1/16)*7

(sum[ily _ Kn[iD
0 2 0.875
1 7 3.0625
2 1 4.8125
3 14 6.125
4 16 I
2 16 7
G 16 i
7 16 7
(a) Kadalagdyrma

T

5

—6
—7
= 4
—7
—7

o

R W ke ON
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(b) Kadalagdyrylan gistogramma
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Il Gistogrammanyn denlesdirmek programmasy
#include <opencv2/opencv.hpp>
using namespace Ccv,

using namespace std;

void calc_Histo(const Mat& image, Mat& hist, int bins, int range_max
= 256)

int histSize[] = { bins };

float range[] = { O, (float)range_max };
int channels[] = {0 };

const float* ranges[] = { range };

calcHist(&image, 1, channels, Mat(), hist, 1, histSize, ranges);

void draw_histo(Mat hist, Mat &hist_img, Size size = Size(256, 200))
{
hist_img = Mat(size, CV_8U, Scalar(255));
normalize(hist, hist, 0, hist_img.rows, NORM_MINMAX);
for (int i = 0; 1 < hist.rows; i++) {
Point2f ptl = Point2f(i, 0);
Point2f pt2 = Point2f((i+1), hist.at <float>(i));

if (pt2.y > 0)
rectangle(hist_img, ptl, pt2, Scalar(0), -1);

¥
flip(hist_img, hist_img, 0);

¥
void create_hist(Mat img, Mat &hist, Mat &hist_img)

{

90



}

int histsize = 256, range = 256;
calc_Histo(img, hist, histsize, range);

draw_histo(hist, hist_img);

int main()

{

Mat image = imread("../image/Ave.tif", 0);
CV_Assert(limage.empty());
Mat hist, dstl, dst2, hist_img, hist_img1, hist img2;

create_hist(image, hist, hist_img);
Mat accum_hist = Mat(hist.size(), hist.type(), Scalar(0));

accum_hist.at<float>(0) = hist.at<float>(0);

for (inti = 1; i < hist.rows; i++)

accum_hist.at<float>(i) = accum_hist.at<float>(i - 1) +
hist.at<float>(i);

accum_hist /= sum(hist)[0];
accum_hist *= 255;
dst1 = Mat(image.size(), CV_8U);

for (int i = 0; i < image.rows; i++) {

for (int j = 0; j < image.cols; j++) {

int idx = image.at<uchar>(i, j);

dstl.at<uchar>(i, j) = (uchar)accum_hist.at<float>(idx);

create_hist(dst1, hist, hist_imgl);

// Using Histogram Equalization of OpenCV Function
equalizeHist(image, dst2);

create_hist(dst2, hist, hist_img2);

91



imshow(“image", image), imshow("img_hist", hist_img);
imshow("dst1-User", dst1), imshow("User_hist", hist_img1l);
imshow("dst2-OpenCV", dst2), imshow(*"OpenCV _hist", hist_img2);
waitKey();

return O;
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7. A¢yk rezyume ulanyp dolamaklygy islip tayyarlamak
7.1 Dolamaklygy islip tayyarlamak
e Surat, pikselin gonigy piksel bilen birlesmegi hem degisli bolmak bilen, dolamaklyk

(konwolyasiya) usuly bilen isldp tayyarlanyar.

e Mask ulanmak (= Yadro, penjire, filter)

Mask(M)
Mask-y we gongy
pikselleri kopeltmek

Gonsy piksel i I
Girig gekili ANTE T
LR (f) Haziiki piksel Ahli kbpeltmelerin jemi
Cykys pikseli
=1
L7 L7

Cykys sekili {g)
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7.2 Nabellilik

e Piksel derejesinin yitiliginde yuwas-yuwasdan iiytgesmeler girizmeli
e Bulasyk Mask-ny ulanyp, dolamaklyk (konwolyasiya) isldp tayyarlamak
e Bulagyk Mask

1Y) [ D NN ENEN
9 9 9 25 25 25 25 25
i ) TN N
9 9 9 2 |26 | 26 | 256 | 25
Y [ 9 Y
9 9 9 25 | 25 | 25 25 25
IR
2b | 25 | 25 25 25
I N N
26 | 26 | 25 25 25
1/9 ) 1/9

{a) Girig sekili {b) Bulasyk sekili
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// Bulagyk programmasy

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

void filter(Mat img, Mat& dst, Mat mask)

{

dst = Mat(img.size(), CV_32F, Scalar(0));

// Surat gineltmesi (3 x 3 Mask ulanyp)

Mat ExtImg(img.rows+2, img.cols+2, CV_32F);

for (inti=0; i <img.rows; i++) {
for (int j = 0; j <img.cols; j++)

Extimg.at<float>(i + 1, j + 1) = img.at<uchar>(i, j); // center

¥

for (inti=1;1<img.rows+1; i++) {
Extlmg.at<float>(i, 0) = Extimg.at<float>(i, 1); // Left line
Extlmg.at<float>(i, img.cols + 1) = ExtImg.at<float>(i, img.cols); // Right
line

b

for (intj =1; j <img.cols+1; j++) {
Extlmg.at<float>(0, j) = ExtImg.at<float>(1, j); / Yokarky setir
Extlmg.at<float>(img.rows + 1, j) = ExtImg.at<float>(img.rows, j); //
Asakdaky setir

¥

Extlmg.at<float>(0, 0) = Extlmg.at<float>(1, 1); / Yokarky cep burg

Extlmg.at<float>(0, img.cols+1) = ExtImg.at<float>(1, img.cols); // Yokarky

sag burg

ExtImg.at<float>(img.rows+1, 0) = Extlmg.at<float>(img.rows, 1); //

Asaky ¢ep burg

ExtImg.at<float>(img.rows+1, img.cols+1) = ExtImg.at<float>(img.rows,
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img.cols); // Asaky sag

for (inti=0;1<img.rows; i++) {
for (int j = 0; j <img.cols; j++) {

float sum = 0;

for (int u = 0; u < mask.rows; u++) {

for (int v = 0; v < mask.cols; v++)

sum += ExtImg.at<float>(i + u, j + v) * mask.at<float>(u,

V);

b

dst.at<float>(i, j) = sum;

¥
¥

¥
int main()
{

Mat image = imread("../image/filter_blur.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);

float data[] = {
1/9.f,1/9f1/9.f,
1/9.f,1/9f 1/9.f,
1/9.f1/9f1/9f};

Mat mask(3, 3, CV_32F, data), blur;
filter(image, blur, mask);
blur.convertTo(blur, CV_8U);

namedWindow(“Original Image", WINDOW_AUTOSIZE);
namedWindow(“Blurring", WINDOW _AUTOSIZE);
moveWindow(“Original Image", 200, 200), moveWindow(“Blurring",
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600, 200):

imshow(“Original image", image), imshow(“Blurring", blur);
waitKey();

return O;
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7.3 Yitilesdirmek

e Gorgy piksellerin arasyndaky tapawut, olary yiti duymagydyr

e Surat ayratynlyklaryna {insi ¢ekip bolyar we gyrada yagtylygynn kontrastyny
yokarlandyryp bolyar

o Suratyn aydynlygyny yitilendiris Mask-y

0 [—1] O =3 =%| =3 1 1—2] 1
—=J| & |—=1 =Tl & |=—I —2| 2 | —2
0 [—1] 0 =% =k =1 1 |—2| 1

0|=-1]10

=113 | =1

0[-1]10

(a) Girig gekili (b) Yitilendirilen sekil
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// Yitilendiris programmasy
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

void filter(Mat img, Mat& dst, Mat mask)

{
dst = Mat(img.size(), CV_32F, Scalar(0));

Il Surat gineltmesi (3 x 3 Mask-y ulanyp)

Mat ExtImg(img.rows+2, img.cols+2, CV_32F);

for (inti=0; i <img.rows; i++) {
for (int j = 0; j <img.cols; j++)

Extimg.at<float>(i + 1, j + 1) = img.at<uchar>(i, j); // merkez

¥

for (inti=1;i<img.rows+1; i++) {
Extlmg.at<float>(i, 0) = Extimg.at<float>(i, 1); // Left line
ExtImg.at<float>(i, img.cols + 1) = ExtImg.at<float>(i, img.cols); //
Sag setir

b

for (intj =1; j <img.cols+1; j++) {
Extlmg.at<float>(0, j) = ExtImg.at<float>(1, j); / Yokarky setir
Extlmg.at<float>(img.rows + 1, j) = Extlmg.at<float>(img.rows, j); //
Asaky setir

¥

Extlmg.at<float>(0, 0) = Extimg.at<float>(1, 1); // Yokaryky ¢ep burg

Extlmg.at<float>(0, img.cols+1) = Extlmg.at<float>(1, img.cols); //
Yokarky sag burc
Extlmg.at<float>(img.rows+1, 0) = Extlmg.at<float>(img.rows, 1);

Il Asaky ¢ep burg
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Extlmg.at<float>(img.rows+1, img.cols+1) =

ExtImg.at<float>(img.rows, img.cols); // Asaky sag burg

for (int i =0; 1 <img.rows; i++) {
for (int j = 0; j <img.cols; j++) {
float sum = 0;
for (int u = 0; u < mask.rows; u++) {
for (int v = 0; v < mask.cols; v++)
sum += Extimg.at<float>(i + u, j + v) *

mask.at<float>(u, v);

¥
dst.at<float>(i, j) = sum;
¥
¥
¥
int main()
{

Mat image = imread("../image/filter_sharpen.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);

float data[] = {
-1,-1, -1,
-1, 9, -1,
-1,-1, -1}

Mat mask(3, 3, CV_32F, data), sharpen;

filter(image, sharpen, mask);

sharpen.convertTo(sharpen, CV_8U);

namedWindow(“Original Image", WINDOW_AUTOSIZE);
namedWindow(*“Sharpening Image", WINDOW _AUTOSIZE);
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moveWindow("Original Image", 200, 200),
moveWindow(*'Sharpening Image", 600, 200);

imshow("Original Image", image), imshow("Sharpening Image",

sharpen);
waitKey();
return O;

¥
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7.4 Gyralary kesgitlemek

e Bir suratyn gyrasy, piksel derejesinin birden tytgeyén bolegi

2304

173

115

pikselin derejesi

i}

0 5 10 15 20 25 30 35 40 45 50
X okynyn pikseli
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7.5 Gyralary kesgitlemek (birmenzes / diferensial operator)

e Birmeiizes operator

- merkezi pikselin tapawudyny hasaplamak

¢ Differensial operator
- merkezi piksel we ters tarapdaky piksel we 4 diferensial hasaplamalar

Birmenzes operatoryn ¢ykysy
My m-l| My maxt|c—mgl, |c—myl, lc—myl, lc—nmyl

= | : |C— Migl, |€— Mg, |[C€— My, |[C—Mg|)
mg | C | mg |

mg | mq | mg Differensial operatoryi ¢ykysy =

max(|mg— mgl, \my—mz|, |mo—mg|, |ma—m;

e Gyralary kesgitlemek (Birmenzes operator)

// Gyralary kesgitlemegin (birmetizes operator) programmasy
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

void homogenOp(Mat img, Mat& dst, int mask_size)

{
dst = Mat(img.size(), CV_8U, Scalar(0));

// Surat gineltmesi (3 x 3 Mask-y ulanyp)
Mat ExtImg(img.rows + 2, img.cols + 2, CV_32F);
for (inti =0; i <img.rows; i++) {

for (int j = 0; j <img.cols; j++)
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Extimg.at<float>(i + 1, j + 1) = img.at<uchar>(i, j);
b
for (inti=1;i<img.rows + 1; i++) {
Extlmg.at<float>(i, 0) = Extimg.at<float>(i, 1);
Extlmg.at<float>(i, img.cols + 1) = Extlmg.at<float>(i, img.cols);
¥
for (intj=1;j <img.cols + 1; j++) {
Extlmg.at<float>(0, j) = Extimg.at<float>(1, j);
Extlmg.at<float>(img.rows + 1, j) = ExtImg.at<float>(img.rows, j);
b
ExtImg.at<float>(0, 0) = Extlmg.at<float>(1, 1);
ExtImg.at<float>(0, img.cols + 1) = Extimg.at<float>(1, img.cols);
Extimg.at<float>(img.rows + 1, 0) = ExtImg.at<float>(img.rows, 1);

Extimg.at<float>(img.rows+1,img.cols+1)=ExtImg.at<float>(img.rows, img.cols);

for (inti=0; i <img.rows; i++) {
for (int j = 0; j < img.cols; j++) {
float max = 0;
for (int u = 0; u < mask_size; u++) {
for (int v = 0; v < mask_size; v++) {
float difference=abs(Extlmg.at<float>(i+1, j+1) -
Extimg.at<float>(i+u, j+V));
if (difference > max)

max = difference;

¥
by
dst.at<uchar>(i, j) = max;
by
by
¥
int main()

104



Mat image = imread("../image/edge_test.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);

Mat edge;

homogenOp(image, edge, 3);

namedWindow(“Original Image", WINDOW _ AUTOSIZE);
namedWindow(“Homogen. Edge", WINDOW_ AUTOSIZE);
moveWindow(“Original Image", 200, 200);
moveWindow("Homogen. Edge", 600, 200);
imshow(“Original Image", image);

imshow("Homogen. Edge", edge);

waitKey();

return O;

o Gyralary kesgitlemek (Differensial operator)

Il Gyralary kesgitlemegin (differensial operator) programmasy
#include <opencv2/opencv.hpp>
using namespace cv;

using namespace std;

void homogenOp(Mat img, Mat& dst, int mask_size)

{
dst = Mat(img.size(), CV_8U, Scalar(0));

I/ Surat gineltmesi (3 x 3 Mask-y ulanyp)

Mat Extlmg(img.rows + 2, img.cols + 2, CV_32F);
for (inti=0; i <img.rows; i++) {

for (int j = 0; j <img.cols; j++)

Extimg.at<float>(i + 1, j + 1) = img.at<uchar>(i, j);
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b
for (inti=1;i<img.rows + 1; i++) {
xtImg.at<float>(i, 0) = Extimg.at<float>(i, 1);
Extlmg.at<float>(i, img.cols + 1) = ExtImg.at<float>(i, img.cols);
¥
for (intj =1;j <img.cols + 1; j++) {
Extlmg.at<float>(0, j) = Extimg.at<float>(1, j);

Extlmg.at<float>(img.rows + 1, j) = ExtImg.at<float>(img.rows, j);

ExtImg.at<float>(0, 0) = Extlmg.at<float>(1, 1);

Extlmg.at<float>(0, img.cols + 1) = Extimg.at<float>(1, img.cols);
Extlmg.at<float>(img.rows + 1, 0) = Extimg.at<float>(img.rows, 1);
Extimg.at<float>(img.rows+1, img.cols + 1) = Extimg.at<float>(img.rows,

img.cols);

for (int i =0; i <img.rows; i++) {
for (int j = 0; j <img.cols; j++) {
vector<float> mask;
for (int u = 0; u < mask_size; u++) {
for (int v = 0; v < mask_size; v++)
mask.push_back(ExtImg.at<float>(i + u, j + Vv));
¥
float max = 0;
for (int k = 0; k <= mask_size; k++) {
float difference = abs(mask[k]-mask[8-K]);
if (difference > max) max = difference;

}

dst.at<uchar>(i, j) = max;
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int main()

{
Mat image = imread("../image/edge_test.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);
Mat edge;
differOp(image, edge, 3);
namedWindow(“Original Image", WINDOW_AUTOSIZE);
namedWindow(“Diff. Edge", WINDOW_AUTOSIZE);
moveWindow("Original Image", 200, 200), moveWindow("'Diff. Edge", 600, 200);
imshow("Original Image™, image), imshow("Diff. Edge", edge);
waitKey();
return O;

b

7.6 Gyralary kesgitlemek (Roberts / Sobel Mask operatory)

e Roberts Mask operatory

= 0 1 () &= () | 0

0 0 0 0 () ()
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e Sobel Mask operatory

=4 ¥ 1 L ==& 1
G.= -2 0 | 2 G,= 0] 01| 0
—&| B ] I 2 1

e Gyralary kesgitlemek (Roberts Mask operatory)

Il Gyralary kesgitlemegin (Roberts Mask operatory) programmasy
// OpenCV-in filter2D funksiyasyny ulanmak

#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

void differential(Mat image, Mat& dst, float datal[], float data2[])

{
Mat dstl, mask1(3, 3, CV_32F, datal);

Mat dst2, mask2(3, 3, CV_32F, data2);

filter2D(image, dstl, CV_32F, maskl, Point(-1, -1), 0, BORDER_REPLICATE);
filter2D(image, dst2, CV_32F, mask2, Point(-1, -1), 0, BORDER_REPLICATE);
/[ Point: yadronyn filterleme baslangy¢ nokady, 0: netijd gosulan dereje
// BORDER_REPLICATE: ¢égi kopeltmek arkaly sekil gineltmesi

magnitude(dst1, dst2, dst);
dst.convertTo(dst, CV_8U);

dstl = abs(dstl);
dst2 = abs(dst2);
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dstl.convertTo(dstl, CV_8U);
dst2.convertTo(dst2, CV_8U);
namedWindow(“Mask 1 Result", WINDOW AUTOSIZE);
namedWindow("Mask 2 Result", WINDOW_AUTOSIZE);
moveWindow("Mask 1 Result", 200, 500);
moveWindow("Mask 2 Result", 700, 500);
imshow("Mask 1 Result", dstl);
imshow(""Mask 2 Result", dst2);

b

int main()

{
Mat image = imread("../image/edge_testl.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);

float datal[] = {

-1,0,0,
0,1,0,
0,0,0

2

float data2[] = {
0,0,-1,
0,1,0,
0,0,0

b

Mat dst;

differential(image, dst, datal, data2);

namedWindow(“Original Image", WINDOW_AUTOSIZE);
namedWindow(“Roberts Edge", WINDOW _AUTOSIZE);
moveWindow(*"Original Image", 200, 100);
moveWindow("'Roberts Edge"”, 700, 100);
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imshow("Original Image”, image);
imshow("Roberts Edge", dst);
waitKey();

return O;

e Gyralary kesgitlemek (Sebel Mask operatory)

Il Gyralary kesgitlemegin (Sobel Mask operatory) programmasy
/I OpenCV-in filter2D we Sobel funksiyasyny ulanmak
#include <opencv2/opencv.hpp>

using namespace cv;

using namespace std;

void differential(Mat image, Mat& dst, float datal[], float data2[])
{

Mat dstl, mask1(3, 3, CV_32F, datal);

Mat dst2, mask2(3, 3, CV_32F, data2);

filter2D(image, dstl, CV_32F, maskl, Point(-1, -1), 0, BORDER_REPLICATE);
filter2D(image, dst2, CV_32F, mask2, Point(-1, -1), 0, BORDER_REPLICATE);
magnitude(dstl, dst2, dst);

dst.convertTo(dst, CV_8U);

convertScaleAbs(dst1, dstl);

convertScaleAbs(dst2, dst2);

namedWindow("dstl — Vertical Mask"”, WINDOW_AUTOSIZE);
namedWindow("dst2 — Horiz. Mask", WINDOW_AUTOSIZE);
moveWindow("dstl — Vertical Mask", 700, 100);
moveWindow("dst2 — Horiz. Mask", 700, 500);

imshow("dstl — Vertical Mask", dstl);
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imshow("dst2 — Horiz. Mask", dst2);
b
int main()
{
Mat image = imread("../image/edge_test1.jpg", IMREAD_GRAYSCALE);
CV_Assert(image.data);
float datal[] = {
-1,0, 1,
-2,0, 2,
-1,0,1%};
float data2[] = {
-1, -2, -1,
0,0,0,
1,2,1};
Mat dst, dst3, dst4;
differential(image, dst, datal, data2);
namedWindow(“Original Image", WINDOW_AUTOSIZE);
namedWindow(“Sobel Edge", WINDOW_ AUTOSIZE);
moveWindow("Original Image", 200, 100);
moveWindow("Sobel Edge", 200, 500);
imshow(""Original Image", image);
imshow("Sobel Edge", dst);

I/l OpenCV funksiyasyny ulanyp, Sobel gyrasyny kesgitlemek

Sobel(image, dst3, CV_32F, 1, 0, 3); // 4th = 1 -> vertical mask (vertical
edge)

Sobel(image, dst4, CV_32F, 0, 1, 3); // 5th = 1 -> horizontal mask
(horizontal edge)

convertScaleAbs(dst3, dst3); // 3 -> kernal size

convertScaleAbs(dst4, dst4);
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namedWindow("dst3 — vert. OpenCV", WINDOW_AUTOSIZE);
namedWindow("dst4 — horiz._OpenCV", WINDOW_AUTOSIZE);
moveWindow("dst3 — vert. OpenCV", 1200, 100);

moveWindow("dst4 — horiz._OpenCV", 1200, 500);

imshow("dst3 — vert.OpenCV", dst3), imshow("dst4 — horiz._OpenCV", dst4);
waitKey();

return O;

7.7 Median filteri

e Median filteri

- Gongy piksel derejelerini yokarlanyan tertipde denlesdireninizden son, ¢ykys
derejesi hokmunde merkezi derejesini saylan
- Suratdaky uc¢gun yaly duydansyz renk liytgesmesine eye bolan impuls sesini

ayyrmak Gcin ulanylyar

Filter penjiresi

[a) Girig geKil ' Piksel derejeleriniii mediany
[+ 8
13
I" Il'-'_
= 255
(b) Cykys sekKili
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// Median filterleme programmasy

#include <opencv2/opencv.hpp>

using namespace cvi;

using namespace std;

void medianFilter(Mat img, Mat& dst, int size)

{

dst = Mat(img.size(), CV_8U, Scalar(0));

Il Surat gineltmesi (3 x 3 Mask-y ulanyp)
Mat Extlmg(img.rows + 2, img.cols + 2, CV_32F);
for (int i =0; i <img.rows; i++) {
for (int j = 0; j <img.cols; j++)

Extimg.at<float>(i + 1, j + 1) = img.at<uchar>(i, j);
¥
for (inti=1;i<img.rows + 1; i++) {
Extlmg.at<float>(i, 0) = Extimg.at<float>(i, 1);
ExtImg.at<float>(i, img.cols + 1) = Extimg.at<float>(i, img.cols);
¥
for (intj =1;j <img.cols + 1; j++) {
Extlmg.at<float>(0, j) = Extimg.at<float>(1, j);
Extlmg.at<float>(img.rows + 1, j) = ExtImg.at<float>(img.rows, j);
¥
Extlmg.at<float>(0, 0) = Extlmg.at<float>(1, 1);
Extlmg.at<float>(0, img.cols + 1) = ExtImg.at<float>(1, img.cols);
Extlmg.at<float>(img.rows + 1, 0) = Extimg.at<float>(img.rows, 1);

Extimg.at<float>(img.rows + 1, img.cols + 1) =

ExtImg.at<float>(img.rows, img.cols);

for (inti=0; i <img.rows; i++) {

for (int j = 0; j < img.cols; j++) {
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vector<float> mask;
for (intu =0; u <size; u++) {
for (intv = 0; v <size; v++)

mask.push_back(Extimg.at<float>(i + u, j + Vv));

cv::sort(mask, mask, SORT_EVERY_ROW); // cv:: writing to

distinguish from std::sort()

dst.at<uchar>(i, j) = (uchar)mask[4];

¥
¥

by

int main()

{
Mat gray = imread("../image/Boat-noise.tif", IMREAD_GRAYSCALE);
CV_Assert(gray.data);
Mat med_img1, med_img2;
namedWindow("Original Image", WINDOW_AUTOSIZE);
moveWindow("Original Image", 200, 200);
imshow("Original Image", gray);
medianFilter(gray, med_img1l, 3); // Median Filtering using User Function
namedWindow("median-User", WINDOW_AUTOSIZE);
moveWindow(""median-User", 600, 200);
imshow("median-User", med_imgl);
medianBlur(gray, med_img2, 3); // Median Filtering using OpenCV Function
namedWindow("median-OpenCV", WINDOW_AUTOSIZE);
moveWindow("median-OpenCV", 1000, 200);
imshow("median-OpenCV", med_img2);
waitKey();
return O;

¥
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8. Domen isleyisini iiytgetmek

8.1 Ginislik yygylygy

o Gerts (Hz)

- Yygylyk birligi
- 1 sekuntda yrgyldynyn sany

o Suraty isldp tayyarlamak, ginislik yygylygy diisiinjesini ulanyar
e Bir pikselin yagtylyk derejesini kesgitlemek

e

e Ginisligin yygylygy

- Pes yygylykly ginisligin meydany

e Pikselin yagtylygynyn kidn bir iytgemeydn ya-da kem-kemden Uytgeyén
ginisliginde

e Suratlaryn fon bolegi

- Yokary yygylyly giiislik meydany

o Pikselinl yagtylygy calt tiytgeyar

e Suratlaryn gyra bolegi
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Pes yygylyk

Yokary yygylyk

Suratlary yygylyk domeni boyunca bolyéin bolsaityz ndme etmeli?

Yokary yygylykly komponentler bilen ayrylan surat = Bulasyk gyralary bolan surat
Dine yokary yygylykly komponentler bilen diisiirilen surat = Dine bir gyrasy bolan
surat, yagny gyra sekili

Yygylygy éwiirmek

Giris sekil I ‘ Yyaylygyn !
owrlligigi
Yygylygyh ters ‘ Yygylyk !

owrllsigi ' koeffisiy.
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8.2 Fyuryerin Gytgemegi

e Ginisli domeni — yygylyk domeni
- suratyn in, beyiklik 6lgegi: N

] = J2m(ux+vy)
F(u,v) — fx y exp|:

NZ N
for uv=0,1,2, ..., N-1

e Yygylyk domeni — ginislik domeni
- suratyn in, beyiklik 6lgegi: N

F (u,v) exp[jzir(I;_FW) }

(a) Girig gekili (b) yyaylyk sekili (c) Uytgedilen yygylyk sekili

Fyuryerin
ters
tytgemeqi |
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8.3 Diskret kosinus owriilisigi (DCT)

e Ginisli domeni — yygylyk domeni
- suratyn in, beyiklik 6lgegi: N

Clv)= )T 3 f(x. y)co{(zﬂ 1)"”} cos[(z-v + l)wr}

x=0 y=0 2N 2N

\/T for u=0
— or u=1,23,---,N—1
"

e Yygylyk domeni — ginislik domeni
- suratyn in, beyiklik 6lgegi: N

N-1N-1 TG
f(x.y) “z[;lz_; alu)er(v)C (i, v)cos % cos %

T

162 162 162 163 164 161 155 159 157 161 153 154 154 155156 154 153
162 162 162 163 164 161 155159 157 161 153 154 154 155 156 154 153
162 162 162 163 164 161 155 159 157 161 153 154 154 155 156 154 153
160 163 160 159 159 156 155 156 153 154 158 155 154 152 151 152 158
155 157 150 157 163 158 158 155 155 161 156 155 157 151 152 156 154
155155156 155157 157 159 157 155153 158 156 151 153 155150 154
157 157 156 158 159 158 155 156 156 161 156 157 150 153 152 151 155
157 158 154 157 155151 156 155 154 154 152 154 153152 154 155 160
156 155 157 157 154 153 158 154 152 154 155 153 154 150 150 164 161
157 159 157 154 157 153 157 160 158 158 155 154 154 154 160 161 165
156 154 155 156 157 158 157 159 157 155 153 159 154 154 158 160 162
158 155153 156 156 152 157 158 159 157 157 156 149 154 157 161 167
156 156 152 158 159 155 158 157 159 155 157 159 153 158 162 163 166
152 153 153 155157 155 159 159 158 155 158 155 154 160 160 165 165
158 157 161 157 156 156 159 157 158 155 159 159 157 163 165 169 167
156 157 158 156 158 159 158 163 159 158 158 161 162 166 167 168 167
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8.4 Lenna 16x16 blogyn DCT koeffisiyentleri

e Lenna 16x16 blogyin DCT koeffisiyentleri Uytgeme=128

1963
750
-422
519
179
-512
-664
86
-362
279
105
12
-
315
225

594
1634
-1456
1939
542
1272
617
425
24
50
-262
329
156
292
68

2474
579
1991
1436
598
90
-547
561
176
-144
18
-500

259
54
96

2072
-581
-1413
331
-68
1120
-344
-100
338
478
368
46
103
150
61
-43

-1178
847
2531
241
321
368
42
294
-297
-691
-B85
~145
195
-160
119
160

-314
354
10

-1650

-110
920
974
£93

-424

59
376

=]

178
234
124
78

891 -538
-526 1134
-308 469
791 -21
312 -744
1311 -B88
-958 435
-T77 -248
-147 656
343 27
315 -324
-284 148
-283 176
-157 290
-176. 357
123 -3

1117

135
247
-734
1494
B12
-383
223
-333
-637
413
-150
174
48
-365

-1559

1113
-509
399
-158
955
-7é
447
365
119
412
-80
64
-278

-1925

350
301
22
-292
572
579
-184
-212
434
181
-55
-129
159
123
10

-1269

596
287
795
464
=845
169
-699
555

69
131
118
-75

-127
-374
198
-130
206
370

-925
-11
458
-196
674
178
-318
-518
-316
211
-311
570
-191
-233

-459
296
259

18
-478
49
236
178
298

D(u,v)= iC(H, 1)‘

119




8.5 Diskret kosinus owriilisigi (DCT)

I/ Diskret kosinus owriilisiginin (DCT) programmasy
#include <opencv2/opencv.hpp>
using namespace Ccv,

using namespace std;

Mat DCT_block(Mat g) // Forward DCT

{
Mat dst(g.size(), g.type());
int N = g.rows, M = g.cols;
for (int k = 0; k < N; k++) {
for (int1=0; 1 <M; I++) {
float sum = 0;
for (intn=0; n<N; n++) {
for (intm=0; m<M; m++) {
float thetal = (float)(2 *n+ 1) *k * CV_PI1/ (2 * N));
float theta2 = (float)((2 * m+ 1) * | * CV_PI/ (2 * M));
sum += g.at<float>(n, m) * cos(thetal) * cos(theta2);
¥
¥
float ck = (K) ? sqrt(2.0f / N) : sqrt(1.0f / N);
float cl = (1) ? sqrt(2.0f / M) : sqrt(1.0f / M);
dst.at<float>(k, I) = ck * cl * sum;
by
by
return dst;
¥

Mat IDCT _block(Mat f) // Inverse DCT
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Mat dst(f.size(), f.type());

int N = f.rows, M = f.cols;

for (intn=0; n<N; n++) {

for (intm=0; m<M; m++) {

¥
¥

float sum = 0;

for (intk = 0; k < N; k++) {

for (int1=0; 1 <M; I++) {

float thetal = (float)((2 *n+ 1) *k * CV_PI/ (2 * N));
float theta2 = (float)((2*m+ 1) * 1 * CV_PI/ (2 * M));
float ck = (K) ? sqrt(2.0f / N) : sqrt(1.0f / N);

float cl = (1) ? sqrt(2.0f / M) : sqrt(1.0f / M);

sum += ck * cl * f.at<float>(k, 1) * cos(thetal) * cos(theta2);

dst.at<float>(n, m) = sum;

¥
k

return dst;

void DCT_2D(Mat img, Mat& dst, int N, int M, int dir)

{

dst = Mat(img.size(), CV_32F);
img.convertTo(img, CV_32F);

for (int bi = 0; bi <img.rows; bi += N) {
for (int bj = 0; bj <img.cols; bj += M) {

Rect rect(Point(bj, bi), Size(M, N));
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Mat block = img(rect);
Mat new_block = (dir ==0) ? DCT_block(block) : IDCT_block(block);
new_block.copyTo(dst(rect));

¥

¥
by
int main()
{

Mat image = imread("../image/dct_testl.jpg", IMREAD_GRAYSCALE);

CV_Assert(image.data);

Mat m_dct, m_idct;

DCT_2D(image, m_dct, 8, 8, 0);

DCT_2D(m_dct, m_idct, 8, 8, 1);

m_idct.convertTo(m_idct, CV_8U);

namedWindow("Original Image", WINDOW_AUTOSIZE);

namedWindow("Inverse DCT", WINDOW_AUTOSIZE);

moveWindow("Original Image", 200, 200), moveWindow("Inverse DCT",
600, 200);

imshow("Original Image", image), imshow("Inverse DCT", m_idct);

Rect rect(0, 0, 8, 8);

cout << “First 8x8 Block Original Image Elements" << end];
cout << image(rect) << endl << endl;

cout << “First 8x8 Block DCT Coefficients" << end],;

cout << m_dct(rect) << endl;

waitKey();
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