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Egomotion estimation *

Facial recognition system "
Gesture recognition *
Human-computer interaction *
Mobile robotics

Motion understanding "'

Object identification ¥
Segmentation and Recognition '™
Stereopsis Stereo vision '*
Structure From Motion *®
Motion tracking

Augmented reality "

Boosting "

Decision tree *

Gradient boosting trees ™
Expectation-maximization algorithm ¥
K nearest neighbor ™

Naive Bayes classifier ™
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1 #include <opencv2/core/core.hpp>
2 #include <opencv2/highgui/highgui.hpp>
3 #include <opencv2/imgproc/imgproc.hpp>
4
5 int main( int argc, char** argv )
6 {
7 char* imageName = argv[1l];
8
9 cv::Mat image;
10 image = cv::imread( imageName, CV_LOAD IMAGE COLOR );
11
12 if (!image.data )
13 {
14 printf( " No image data \n " );
15 return -1;
16 }
17
18 cv::Mat gray image;
19 cv::cvtColor( image, gray image, CV_BGR2GRAY) ;
20
21 cv::imwrite( argv[2], gray image );
22
23 cv::namedWindow ( imageName, CV_WINDOW AUTOSIZE ) ;

Artificial Neural Networks '
Random forest ™
Support Vector Machine ™



24 cv::namedWindow ( "Gray image", CV_WINDOW AUTOSIZE );
25

26 cv::imshow ( imageName, image );

27 cv::imshow( "Gray image", gray image );
28

29 cv::waitKey (0) ;

30

31 return 0;

32}
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cv::Mat M(2,2, CV_8UC3, cv::Scalar(0,0,255));

YA Constructor
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std::cout << "M = " << std::endl << " " << M << std::endl;
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int sz [3] = {2,2,2};
cv::Mat L(3,sz, CV_8UC(l), cv::Scalar::all(0));
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create() o6 ®

M.create (4,4, CV_8UC(2));
std::cout << "M = "<< std::endl << " " << M << std::endl;
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cv::Mat E = cv::Mat::eye (4, 4, CV_64F);
std::cout << "E = " << std::endl << " " << E << std::endl;

cv::Mat O = cv::Mat::ones(2, 2, CV_32F);
std::cout << "O = " << std::endl << " " << O << std::endl;

cv::Mat Z = cv::Mat::zeros (3,3, CV_8UCI);
std::cout << "Z = " << std::endl << " " << Z << std::endl;
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cv::Mat C = (cv::Mat <double>(3,3) < 0, -1, 0, -1, 5, -1, 0, -1, 0);
std::cout << "C = " << std::endl << " " << C << std::endl;
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cv::Mat RowClone = C.row(l).clone();
std::cout << "RowClone = " << std::endl << " " << RowClone;
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cv::Mat& ScanImageAndReduceC(cv::Mat& I, const uchar* const table)

// accept only char type matrices
CV_Assert (I.depth() != sizeof (uchar));
int channels = I.channels();
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6 int nRows = I.rows;

7 int nCols = I.cols * channels;
8 if (I.isContinuous/())

9 {

10 nCols *= nRows;

11 nRows = 1;

12 }

13 int 1,33

14 uchar* p;

15 for( i = 0; 1 < nRows; ++1i)

16 {

17 p = I.ptr<uchar>(i);

18 for ( J = 0; j < nCols; ++3j)
19 {

20 pljl = tablelpljll;
21 }

22 }

23 return I;

24 }
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uchar* p = I.data;

for( unsigned int i =0; i < ncol*nrows; ++i)
*pt++ = table[*p];
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switch (channels)

{

1 cv::Mat& ScanImageAndReducelterator(cv::Mat& I, const uchar* const
2 table)

3 {

4 // accept only char type matrices

5 CV_Assert (I.depth() != sizeof (uchar));

6 const int channels = I.channels();

.

8



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

case 1:
{
cv::MatIterator <uchar> it, end;
for( it = I.begin<uchar>(), end = I.end<uchar>(); it != end;
++it)
*it = table[*it];
break;
}
case 3:
{
cv::MatIterator <Vec3b> it, end;
for( it = I.begin<Vec3b>(), end = I.end<Vec3b>(); it != end;
++1it)
{
(*it) [0] = table[(*it) [0]];
(*1it) [1] = table[ (*it) [11];
(*it) [2] = table[ (*it) [2]1];

return I;
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cv::Mat& ScanImageAndReduceRandomAccess (cv::Mat& I,

table)

{

// accept only char type matrices
CV_Assert (I.depth() != sizeof (uchar));
const int channels = I.channels();
switch (channels)

{

oS oo Joe

const uchar* const

case 1:
{
for( int i = 0; 1 < I.rows; ++1)
for( int j = 0; j < I.cols; ++3j )
I.at<uchar>(i,j) = table[I.at<uchar>(i,3j)1;
break;
}
case 3:
{
cv::Mat <Vec3b> I = I;
for( int i = 0; 1 < I.rows; ++i)
for( int j = 0; j < I.cols; ++3j )

{

_I(i,3)[0] = table[_I(i,J)I[0]];
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23 I(i,3)I[1] = table[ I(i,3)I[1]11;
24 I, = table[ I(i,3)I[2]1];
25 }

26 I = _1;

277 break;

28 }

29 }

30 return I;

31 }
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cv::Mat lookUpTable (1, 256, CV_8U);
uchar* p = lookUpTable.data;
for( int 1 = 0; 1 < 256; ++1)

pli] = table[i];
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cv::LUT(l, lookUpTable, J);
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Scaling ™

Dot product ™

Cross product
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#include <opencv2/core/core.hpp>
#include <iostream>
#include <string>

using namespace cv;
using namespace std;

static void help(char** av)

{

cout << endl

<< av[0] << " shows the usage of the OpenCV serialization

functionality." << endl << "usage: " << endl

<< av[0] << " outputfile.yml.gz" << endl
<< "The output file may be either XML (xml) or YAML

(yml/yaml) . You can even compress it by "

etc...

<< "specifying this in its extension like xml.gz yaml.gz

" << endl

<< "With FileStorage you can serialize objects in OpenCV by

using the << and >> operators" << endl

<< endl

<< "For example: - create a class and have it serialized"

<< " - use it to read and write matrices."

<< endl;

}

class MyData

{

public:
MyData () : A(0), X(0), id()
{1}
explicit MyData (int) : A(97), X(CV_PI), id("mydatal234") //

explicit to avoid implicit conversion

{}

void write (FileStorage& fs) const //Write
serialization for this class

{

}

fs << "{" << "A" << A << "X" << X << "id" << id << "}";

voilid read(const FileNode& node) //Read
serialization for this class

}
public:

A = (int)node["A"];
X = (double)node["X"];
id = (string)node["id"];

// Data Members

int A;
double X;
string id;

}i
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//These write and read functions must be defined for the
serialization in FileStorage to work
static void write(FileStorage& fs, const std::stringé&, const MyDataé
x)
{
x.write(fs);
}
static void read(const FileNode& node, MyData& x, const MyDataé&
default value = MyData()) {
if (node.empty())
x = default value;
else
x.read (node) ;

}

// This function will print our custom class to the console
static ostream& operator<<(ostream& out, const MyData& m)

{

out << "{ id = " << m.id << ", ";
Out << "X = " << m.X << ", ";
Out << "A = " << m.A << "}";

return out;

}

int main(int ac, char** av)
{
if (ac !'= 2)
{
help (av) ;
return 1;

}

string filename = av[l];
{ //write
Mat R = Mat <uchar>::eye (3, 3),
T = Mat <double>::zeros(3, 1);
MyData m(1) ;

FileStorage fs(filename, FileStorage::WRITE) ;

fs << "iterationNr" << 100;

fs << "strings" << "["; // text - string sequence
fs << "imagel.jpg" << "Awesomeness" << "baboon.jpg";
fs << "1"; // close sequence

fs << "Mapping"; // text - mapping
fs << "{" << "One" << 1;
fs << "Two" << 2 << "}";

fs << "R" << R; // cv::Mat
fs << "T" << T;

fs << "MyData" << m; // your own data structures

fs.release(); // explicit close
cout << "Write Done." << endl;

}

{//read
cout << endl << "Reading: " << endl;
FileStorage fs;
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fs.open(filename, FileStorage::READ) ;

int itNr;
//fs["iterationNr"] >> 1itNr;
itNr = (int) fs["iterationNr"];

cout << 1itNr;

if (!fs.isOpened())

{
cerr << "Failed to open " << filename << endl;
help (av) ;
return 1;

}

FileNode n = fs["strings"]; // Read string sequence - Get
node
if (n.type() != FileNode: :SEQ)
{
cerr << "strings is not a sequence! FAIL" << endl;
return 1;
}
FileNodelIterator it = n.begin(), it end = n.end(); // Go
through the node
for (; it != it end; ++it)

cout << (string) *it << endl;

n = fs["Mapping"]; // Read mappings from a sequence
cout << "Two " << (int) (n["Two"]) << "; ";

cout << "One " << (int) (n["One"]) << endl << endl;
MyData m;

Mat R, T;

fs["R"] >> R; // Read cv::Mat
fS["T"] >> T,’
fs["MyData"] >> m; // Read your own structure

cout << endl

<< "R = " << R << endl;
cout << "T = " << T << endl << endl;
cout << "MyData = " << endl << m << endl << endl;

//Show default behavior for non existing nodes

cout << "Attempt to read NonExisting (should initialize the
data structure with its default) .";

fs["NonExisting"] >> m;

cout << endl << "NonExisting = " << endl << m << endl;

}
cout << endl
<< "Tip: Open up " << filename << " with a text editor to

see the serialized data." << endl;

return 0;
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string filname = "I.xml";
FileStorage fs(filename, FileStorage::READ);
// OR

FileStorage fs;
fs.open(filename, FileStorage::READ);

(b)) WRITE oces bl b1 )] (65, sulys oo a5 ol Slloas 808 Lasin a5 Conl ol S5 pgo logS )]
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fs.release();
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fs << "iterationNr" << 100;
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int i1tNr;

Serializing ™"
Mappings ™
Element sequence '*
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fs["iterationNr"] >> itNr;
// OR
itNr = (int) fs["iterationNr"];

el atsl slaggs iig alie ds S ol igg o | G001 Js b o2 9,5/ 68959

Mat R = Mat <uchar>::eye(3, 3),
T = Mat <double>::zeros(3, 1);

fs << "R" << R; // Write cv::Mat
fs << "T" <L T;

fs["R"] >> R; // Read cv::Mat
fs["T"] >> T;
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fs << "strings" << "["; // text - string sequence

fs << "imagel.jpg" << "Awesomeness" << "baboon.jpg";
fs << "]1"; // close sequence
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fs << "Mapping"; // text - mapping
fs << "{" << "One" << 1;
fs << "Two" << 2 << "},

NS & bgs o [] Klos iS5 o0 oolizul FileNodelterator 4 FileNode slaools [lsls 5l oo oyailss sy
ols> 1y FileNodelterator 51wy allss o oS3k o4 51,03l 5 o » 1, FileNode - & S FileStotage
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FileNode n = fs["strings"]; // Read string sequence - Get node
if (n.type() != FileNode: :SEQ)
{

cerr << "strings is not a sequence! FAIL" << endl;

return 1;

}

FileNodeIterator it = n.begin(), it end = n.end(); // Go through the node
for (; it != it end; ++it)
cout << (string)*it << endl;

oS ool o] 4 (wyiws 6l [] Ko lod 5l puilys oo IS5 590 40

n = fs["Mapping"]; // Read mappings from a sequence
cout << "Two " << (int) (n["Two"]) << "; ";
cout << "One " << (int) (n["One"]) << endl << endl;

A
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class MyData
{

public:

MyData () : A(0), X(0), id() {}
public: // Data Members

int A;

double X;

string id;

ol 1y s o T sloosls il o 2 y2) 55 Sl s YAMLIXML (25,31 6095 Ll g 221, (o305 2l g oo
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//Write serialization for this class
void write(FileStorage& fs) const
{

fs << "{" << "A" << A << "X" << X << "id" << id << "y
}
//Read serialization for this class
void read(const FileNode& node)
{

A = (int)node["A"];

X = (double)node["X"];

id = (string)node["id"];

oS g0 i 2 ) Do |y ()15 Gl s

//These write and read functions must be defined for the serialization in
FileStorage to work
static void write (FileStorage& fs, const std::string&, const MyData& x)
{
X.write (fs);
}
static void read(const FileNode& node, MyData& x, const MyDataé&
default value = MyData()) {
if (node.empty())
x = default value;
else
X .read (node) ;

3 pl i SG) 05 ooliiwl (5,8 iom 098 Sl il Al 092 g Swles 0 09 ST AT wlos ST atine read cod o

S oo ooliiwl gl gl << Klas 3l ailgr (gl >> Kl 5l 2l oz ol 0,5 adlal 5lasy
MyData m(1l);

fs << "MyData" << m; // Write your own data structures
fs["MyData"] >> m; // Read your own structure

0
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FileRW.exe "1.xml"

<?xml version="1.0"?>

<opencv storage>
<iterationNr>100</iterationNr>
<strings>

imagel.jpg Awesomeness baboon.jpg</strings>

<Mapping>
<One>1</One>
<Two>2</Two></Mapping>
<R type id="opencv-matrix">
<rows>3</rows>
<cols>3</cols>
<dt>u</dt>
<data>
1000100 0 1</data></R>
<T type id="opencv-matrix">
<rows>3</rows>
<cols>1</cols>
<dt>d</dt>
<data>
0. 0. 0.</data></T>
<MyData>
<A>97</A>
<X>3.1415926535897931e+000</X>
<id>mydatal234</id></MyData>
</opencv_storage>

FileRW.exe "2.yml"

$YAML:
iterationNr:
strings:
- "imagel.jpg"
- Awesomeness
- "baboon.jpg"
Mapping:
One:
Two:
R: !!'opencv-matrix
rOwWS:
cols:
dt: u
data: [ 1, 0, O, O, 1, O, O, O,
T: !!opencv-matrix
rOwWS:
cols:
dt: d
data: [ 0., 0., 0. ]
MyData:

A:

92 L,FY

oS oo Lzl ) Sge ar ]y Aol
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X: 3.1415926535897931e+000
id: mydatal234
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#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>
#include <iostream>

#define w 400

using namespace cv;

/// Function headers

void MyEllipse( Mat img, double angle );

void MyFilledCircle( Mat img, Point center );
void MyPolygon ( Mat img );

void MyLine( Mat img, Point start, Point end );

/‘k‘k

* @function main

* @brief Main function
Y/

int main( void ) {

/// Windows names
char atom window[] "Drawing 1: Atom";
char rook window[] = "Drawing 2: Rook";

/// Create black empty images
Mat atom image = Mat::zeros( w, w, CV _8UC3 );
Mat rook image = Mat::zeros( w, w, CV _8UC3 );

/// 1. Draw a simple atom:

A

/// 1l.a. Creating ellipses
MyEllipse( atom image, 90 );
MyEllipse( atom image, 0 );
MyEllipse( atom image, 45 );
MyEllipse ( atom image, -45 );

/// 1.b. Creating circles
MyFilledCircle( atom image, Point( w/2, w/2) );

/// 2. Draw a rook
[/] ———————— =

/// 2.a. Create a convex polygon

welo

W Y



44 MyPolygon ( rook image );

45

46 /// 2.b. Creating rectangles

477 rectangle (rook image, Point( O, 7*w/8 ), Point( w, w), Scalar(
48 0, 255, 255 ), -1, 8);

49

50 /// 2.c. Create a few lines

51 MyLine ( rook image, Point( 0, 15*w/16 ), Point( w, 15*w/16 ) );
52 MyLine ( rook image, Point( w/4, 7*w/8 ), Point( w/4, w ) );
53 MyLine ( rook image, Point( w/2, 7*w/8 ), Point( w/2, w ) );
54 MyLine ( rook image, Point( 3*w/4, 7*w/8 ), Point( 3*w/4, w ) );
55

56 /// 3. Display your stuff!

57 imshow ( atom window, atom image );

58 moveWindow ( atom window, 0, 200 );

59 imshow ( rook window, rook image );

60 moveWindow ( rook window, w, 200 );

6l

62 waitKey( 0 );

63 return (0) ;

64 }

65

66 /// Function Declaration

67

68 /*k*k

69 * @function MyEllipse

70 * @brief Draw a fixed-size ellipse with different angles

71 x/

72 void MyEllipse( Mat img, double angle )

73 {

74 int thickness = 2;

75 int lineType = 8;

76

77 ellipse( img, Point( w/2, w/2 ), Size( w/4, w/1l6 ), angle, O,
78 360, Scalar( 255, 0, 0 ), thickness, lineType );

79 }

80

81 /'k'k

82 * @function MyFilledCircle

83 * @brief Draw a fixed-size filled circle

84 W/

85 void MyFilledCircle( Mat img, Point center )

86 {

87 int thickness = -1;

88 int lineType = 8;

89

90 circle(img, center, w/32, Scalar( 0, 0, 255 ), thickness,
91 lineType) ;

92 }

93

94 /**

95 * @function MyPolygon

96 * @function Draw a simple concave polygon (rook)

97 */

98 void MyPolygon( Mat img )

99 {

100 int lineType = 8;

101

102 /** Create some points */

103 Point rook points([1]([20];

104 rook points[0][0] = Point( w/4, T*w/8 ) ;
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105 rook points[0][1] = Point( 3*w/4, T*w/8 ) ;
106 rook points[0][2] = Point( 3*w/4, 13*w/16 );
107 rook points[0][3] = Point( 11*w/16, 13*w/16 );
108 rook points[0][4] = Point( 19*w/32, 3*w/8 );
109 rook points[0][5] = Point( 3*w/4, 3*w/8 ) ;
110 rook points[0][6] = Point( 3*w/4, w/8 );
111 rook points[0][7] = Point( 26*w/40, w/8 );
112 rook points[0][8] = Point( 26*w/40, w/4 );
113 rook points[0][9] = Point( 22*w/40, w/4 );
114 rook points[0][10] = Point( 22*w/40, w/8 );
115 rook points[0][11] = Point( 18*w/40, w/8 );
116 rook points[0][12] = Point( 18*w/40, w/4 );
117 rook points[0][13] = Point( 14*w/40, w/4 );
118 rook points[0][14] = Point( 14*w/40, w/8 );
119 rook points[0][15] = Point( w/4, w/8 );
120 rook points[0][16] = Point( w/4, 3*w/8 ) ;
121 rook points[0][17] = Point( 13*w/32, 3*w/8 );
122 rook points[0][18] = Point( 5*w/16, 13*w/16 );
123 rook points([0][19] = Point ( w/4, 13*w/16 );
124

125 const Point* ppt[l] = { rook points[0] };

126 int nptl[] = { 20 };

127

128 fillPoly(img, ppt, npt, 1, Scalar( 255, 255, 255 ), lineType);
129 1}

130

131 /**

132 * @function MyLine
133 * @brief Draw a simple line

134 =
135 wvoid MyLine( Mat img, Point start, Point end )
136 {
137 int thickness = 2;
138 int lineType = 8;
139 line (img, start, end, Scalar( 0, 0, 0 ), thickness, lineType);
140 }
oy Y,\,Y
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1 #include <opencv2/core/core.hpp>
2 #include <opencv2/highgui/highgui.hpp>
3 #include <iostream>
4
5 int main( int argc, char** argv )
6 {
7 double alpha = 0.5; double beta; double input;
8 cv::Mat srcl, src2, dst;
9
10 /// Ask the user enter alpha
11 std::cout << " Simple Linear Blender "<<std::endl;
12 3cels seolt KK Tommmmmmooooooooossooos= "<<std::endl;
13 std::cout << "* Enter alpha [0-1]: ";
14 std::cin >> input;
15
16 // We use the alpha provided by the user iff it is between 0 and
17 1
18 if( alpha >= 0 && alpha <=1 )
19 alpha = input;
20
21 // Read image ( same size, same type )
22 srcl = cv::imread ("PICTURES/1.jpg") ;
23 src2 = cv::imread ("PICTURES/2.Jpg") ;
24 if( !srcl.data )
25 {
26 std::cout << "Error loading srcl" << std::endl;
27 return -1;
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29 if( !src2.data )

30 {

31 std::cout << "Error loading src2" << std::endl;
32 return -1;

33 }

34

35 // Create Windows

36 beta = ( 1.0 - alpha );

37 cv::addWeighted( srcl, alpha, src2, beta, 0.0, dst);
38

39 cv::imshow( "Linear Blend", dst );

40 cv::waitKey (0) ;

41

42 return 0;

43 1}

oog YYY
BUELOIR U PRI, S P PSS RCR U L f IRV S 2541 207~ SV RSV K PR VL SN PSR L I VO O PR B

05.“.:‘59 oolawl ccuwl ',A aS ua).ﬂ.m.u )‘J.ﬁ-a ul..o.‘b )| Q)}«a U“‘ ).'.2 B ‘(\‘\ .]a}) RS 52 )‘)3 e Q—‘ I.: ).g|).g |) a|pha

Sy &yl 53 (pl A b oo iedne Crizred oakS oo J1E SIC2 o SICL jo g nuileS o alabls ) el g0 dalsl (o

il 5,38

4 5Srcl jpasjlalpha cos 4 Sl psal mealss o i (pl e Jl,3 1 —alpha il 1) beta jluie Y8 L o
A5k ooy JuKi5 Sre2 pews 51 1 —alpha o

wlodls J18 as 1) ¥ laie Lxil 1o 45 0S4z g e oo lao |y addWeighted &b YV L3 o as oS5 Jlel sl

>3 Y

oS oo 2l 5 Syge ) Al

LinearBlend.exe
>0.3

el o Sygo & (29>

Py $9939 R
£9° 59959 Js!
ryas

=95




Y

b s VY

O o tpedl axsle )5 o ab (s ild Jloel (6l oS oo sy 2 1) polal 59, s ild Jloel ogon (isu cpl yo

oS o0 S pgai 01, B,S

Sl b5 prizman s (oo GhglelS 09 oo ol pail S lacand dan 5 i) S G o5 oe 4 IS b 4,

1 -2 1
2 2
1 -2 1

5,08 518 ()1 550 50 Sl oS diged 5SS,

Dy

S H(X,y) oK1 wsl J5)S 0 S claise (a,0) g M % N slal b 5,5 G 5le K ST pgai o (X,Y) JuSs 5o sl
99 oo Dl ) S0 4y 0sds b g 0 (X, V) Sy oo

,_.
Z

-1
Ix+i—ay+j—b)K(J)
0

M-
H(x,y) =
i=0

-
1l

pll )lfu_ummg ngswi)oﬁlterZD &b ez w5 (silw ool [ YL Jge 8 lesgs Cansd p3¥ s ild Jleel 5l

O ~J o U WD

#include "opencv2/imgproc/imgproc.hpp"
#include "opencv2/highgui/highgui.hpp"

using namespace cv;

/** @function main */
int main ( int argc, char** argv )
{

/// Declare variables

Mat src, dst;

Mat kernel;

Point anchor;

double delta;

int ddepth;

int kernel size;

char* window name = "filter2D Demo";

int c;

/// Load an image
src = imread( argv[1l] );

if( !src.data )
{ return -1; }
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27 /// Create window

28 namedWindow ( window name, CV_WINDOW AUTOSIZE );

29

30 /// Initialize arguments for the filter

31 anchor = Point( -1, -1 );

32 delta = 0;

33 ddepth = -1;

34

35 /// Loop — Will filter the image with different kernel sizes each
36 0.5 seconds

37 int ind = 0;

38 while( true )

39 {

40 c = waitKey (500);

41 /// Press 'ESC' to exit the program

42 if( (char)c == 27 )

43 { break; }

44

45 /// Update kernel size for a normalized box filter
46 kernel size = 3 + 2*( ind%5 );

47 kernel = Mat::ones( kernel size, kernel size, CV_32F )/
48 (float) (kernel size*kernel size);

49

50 /// Rpply filter

51 filter2D(src, dst, ddepth , kernel, anchor, delta,
52 BORDER DEFAULT );

53 imshow ( window name, dst );

54 ind++;

55 }

56

57 return 0;

58 }
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>

using namespace Cv;
using namespace std;
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9 /// Global variables

10 char* source window = "Source image";

11 char* warp window = "Warp";

12 char* warp rotate window = "Warp + Rotate";
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13
14 /** @function main */
15 int main( int argc, char** argv )

16 {

17 Point2f srcTri[3];

18 Point2f dstTri[3];

19

20 Mat rot mat( 2, 3, CV_32FCl );

21 Mat warp mat( 2, 3, CV_32FCl );

22 Mat src, warp dst, warp rotate dst;

23

24 /// Load the image

25 src = imread( argv[l], 1 );

26

27 /// Set the dst image the same type and size as src

28 warp dst = Mat::zeros( src.rows, src.cols, src.type() ):;
29

30 /// Set your 3 points to calculate the Affine Transform
31 srcTri[0] = Point2f( 0,0 );

32 srcTri[l] = Point2f( src.cols - 1, 0 );

33 srcTri[2] = Point2f( 0, src.rows - 1 );

34

35 dstTri[0] = Point2f( src.cols*0.0, src.rows*0.33 );

36 dstTri[l] = Point2f( src.cols*0.85, src.rows*0.25 );

37 dstTri[2] = Point2f( src.cols*0.15, src.rows*0.7 );

38

39 /// Get the Affine Transform

40 warp mat = getAffineTransform( srcTri, dstTri );

41

42 /// Rpply the Affine Transform just found to the src image
43 warpAffine( src, warp dst, warp mat, warp dst.size() );
44

45 /** Rotating the image after Warp */

46

47 /// Compute a rotation matrix with respect to the center of the
48 image

49 Point center = Point( warp dst.cols/2, warp dst.rows/2 );
50 double angle = -50.0;

51 double scale = 0.6;

52

53 /// Get the rotation matrix with the specifications above
54 rot mat = getRotationMatrix2D( center, angle, scale );
55

56 /// Rotate the warped image

57 warpAffine ( warp _dst, warp rotate dst, rot mat, warp dst.size()
58 ) ;

59

60 /// Show what you got

ol namedWindow ( source window, CV_WINDOW AUTOSIZE );

62 imshow ( source window, src );

63

64 namedWindow ( warp window, CV_WINDOW AUTOSIZE ) ;

65 imshow ( warp window, warp dst );

66

67 namedWindow ( warp rotate window, CV_WINDOW AUTOSIZE );
68 imshow ( warp rotate window, warp rotate dst );

69

70 /// Wait until user exits the program

71 waitKey (0) ;

72

73 return 0;
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"opencv2/highgui/highgui.hpp"
"opencv2/imgproc/imgproc.hpp"
<iostream>

<stdio.h>

using namespace cv;

/// Global variables

Mat src,

Mat map x,

dst;
map_ y;

char* remap window = "Remap demo";

int ind

0;

/// Function Headers
void update map( void );

/**

* @function main

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

{

/17

Src

/// Create dst, map x and map y with the same size as src:
dst.
map_
map

/17

Load the image
= imread( argv[1l], 1 );

create( src.size (), src.type() )i
x.create( src.size(), CV_32FCl );
y.create( src.size(), CV_32FC1l );

Create window

namedWindow ( remap window, CV_WINDOW AUTOSIZE ) ;

/17

Loop

while( true )

{

/// Each 1 sec. Press ESC to exit the program
int ¢ = waitKey( 1000 );

if( (char)c == 27 )
{ break; }

/// Update map x & map y. Then apply remap
update map () ;
remap ( src, dst, map x, map_y, CV_INTER LINEAR,

BORDER CONSTANT, Scalar (0,0, 0) );

}
/'k'k

}

/// Display results
imshow ( remap window, dst );

return 0;

* @function update map

* @brief Fill the map x and map_ y matrices with 4 types of mappings

*/

void update map( void )

{

ind

for( int j = 0; j < src.rows; J++ )

{ for( int i

0; i < src.cols; i++ )
{

switch( ind )

{

case 0:

if( i > src.cols*0.25 && i < src.cols*0.75 && j >

src.rows*0.25 && j < src.rows*0.75 )

{

map x.at<float>(j,i) = 2*( i - src.cols*0.25

map y.at<float>(j,i) = 2*( j - src.rows*0.25

}

else
{ map x.at<float>(j,1) =
map_y.at<float>(j,1)

o
O ~e
~

}
break;
case 1:

)
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}
}
ind++;

map x.at<float>(j,i) = i ;
map y.at<float>(j,i) = src.rows - J ;
break;

case 2:
map x.at<float>(j,i) = src.cols - 1 ;
map y.at<float>(j,i) = 3J ;
break;

case 3:
map x.at<float>(j,i) = src.cols - i ;
map y.at<float>(j,i) = src.rows - J ;
break;

} // end of switch
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#include <opencv2/core/core.hpp>
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#include <opencv2/highgui/highgui.hpp>

#include <iostream>

int main( int argc, char** argv )

{

double alpha; /**< Simple contrast control */
int beta; /**< Simple brightness control */

/// Read image given by user

cv::Mat image = cv::imread( argv[1l] );

cv::Mat new image = cv::Mat::

/// Initialize values

zeros ( image.size(), image.type() );

std::cout << " Basic Linear Transforms " << std::endl;

std::cout << "--—--——m—mm————

__________ " << std::endl;

std::cout << "* Enter the alpha value [1.0-3.0]: ";

std::cin >> alpha;

std::cout << "* Enter the beta value [0-100]: ";

std::cin >> beta;

/// Do the operation new image (i, J)

alpha*image (i,3j) + beta

for( int y = 0; y < image.rows; y++

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

{ for( int ¢ = 0; ¢ < 3;

{

e+ )

new image.at<cv::Vec3b>(y,x) [c] =
cv::saturate cast<uchar>( alpha* (
image.at<cv::Vec3b>(y,x) [c] ) + beta );

}
}
}

/// Show stuff
cv::imshow ("Original Image",

image) ;

cv::imshow ("New Image", new_ image);
cv::imwrite ("D:/TRANSLATION/OpenCV Book for PGU/PICTURES/USED IN

CODES/out2.jpg", new image);

/// Wait until user press some key

cv::waitKey () ;

return 0;
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#include <iostream>

#include

#include
#include
#include

<vector>

"opencv?2/imgproc/imgproc.hpp"
"opencv2/highgui/highgui.hpp"
"opencv?2/features2d/features2d.hpp"

using namespace std;
using namespace cv;

/// Global Variables
int DELAY_CAPTION = 1500;
int DELAY BLUR = 100;

Median Filter ™
Bilateral Filter ™
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int MAX KERNEL LENGTH = 31;

Mat src; Mat dst;
char window_name[] = "Smoothing Demo";

/// Function headers

int display caption( const char* caption );

int display dst( int delay );

/**
* function main
=
int main( void )

{

namedWindow ( window name, WINDOW AUTOSIZE );

/// Load the source image

src = imread( "D:/TRANSLATION/OpenCV Book for PGU/PICTURES/USED IN

CODES/1.3jpg", 1 );
if( display caption( "Original Image" )
dst = src.clone();

if( display dst( DELAY CAPTION ) != 0 )

/// Applying Homogeneous blur

'= 0 ) { return O;

{ return 0; }

}

if ( display caption( "Homogeneous Blur" ) != 0 ) { return 0;
for ( int 1 = 1; 1 < MAX KERNEL LENGTH; i=1+2)
{ blur( src, dst, Size( i, i ), Point(-1,-1) );
if( display dst( DELAY BLUR ) != 0 ) { return 0; } }
/// BApplying Gaussian blur
if ( display caption( "Gaussian Blur" ) != 0 ) { return 0; }
for ( int 1 = 1; i < MAX KERNEL LENGTH; i=1+ 2)
{ GaussianBlur( src, dst, Size( i, 1 ), 0, 0 );
if( display dst( DELAY BLUR ) != 0 ) { return 0; } }
/// Applying Median blur
if ( display caption( "Median Blur" ) != 0 ) { return 0; }

for ( int 1 = 1; 1 < MAX KERNEL LENGTH;
{ medianBlur ( src, dst, i );
if( display dst( DELAY BLUR ) !=

/// BApplying Bilateral Filter
if( display caption( "Bilateral Blur" )

0

i=1+2)

)

{ return 0;

}

}

'= 0 ) { return 0;

for ( int 1 = 1; i < MAX KERNEL LENGTH; i
{ bilateralFilter ( src, dst, i, i*2,
if( display dst( DELAY BLUR ) != 0

/// Wait until user press a key
display caption( "End: Press a key!" );

)

=14+ 2)
i/2 );
{ return 0;

}

}

}

}
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}

waitKey (0)

return 0;

/**

* @function display caption

*/

’

int display caption( const char* caption )

{

}

dst = Mat:

putText ( dst,

:zeros( src.size (), src.type() ):;

caption,

Point ( src.cols/4, src.rows/2),
FONT HERSHEY COMPLEX, 1, Scalar (255, 255, 255) );

imshow ( window name, dst );

int c
if( c >0
return 0;

/**
* @function display dst

=Y

)

waitKey ( DELAY CAPTION ) ;

{ return -1, }

int display dst( int delay )

{

imshow ( window name, dst );

int c¢
if( c >0
return O;

)

waitKey ( delay );

{ return -1, }
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1 #include "opencv2/imgproc/imgproc.hpp"
2 #include "opencv2/highgui/highgui.hpp"
3 #include <stdlib.h>
4 #include <stdio.h>
5
6 using namespace cCv;
5
8 /// Global Variables
9 Mat src, dst;
10 int top, bottom, left, right;
11 int borderType;
12 Scalar value;
13 char* window_name = "copyMakeBorder Demo";
14 RNG rng(12345);
15
16 /** @function main */
17 int main( int argc, char** argv )
18 {
19

20 int c;
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/// Load an image
src = imread( argv[1l] );
if( !src.data )

{ return -1;

printf (" No data entered,

\n");
}

please enter the path to an image file

/// Brief how-to for this program

printf( "\n \t copyMakeBorder Demo: \n" );

PELIAEE ( "\E ==——ccmc=scoss===sos \n" );

printf( " ** Press 'c' to set the border to a random constant value
\n") ;

printf( " ** Press 'r' to set the border to be replicated \n");

printf( "™ ** Press 'ESC' to exit the program \n");

/// Create window

namedWindow ( window name, CV_WINDOW AUTOSIZE ) ;

/// Initialize arguments for the filter

top = (int) (0.05*src.rows); bottom = (int) (0.05*src.rows);
left = (int) (0.05*src.cols); right = (int) (0.05*src.cols);
dst = src;

imshow ( window name, dst );

while (
{

true )

c = wailtKey (500) ;

if( (char)c == 27 )
{ break; }

else 1if( (char)c
{ borderType =

else 1if( (char)c ==
{ borderType =

= U@

'r

")
BORDER CONSTANT; }
")
BORDER REPLICATE; }

value = Scalar( rng.uniform (0, 255), rng.uniform(0, 255),
rng.uniform (0, 255) );
copyMakeBorder ( src, dst, top, bottom, left, right, borderType,

value

) ;

imshow ( window name, dst );

}

return 0;
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#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>

O ~J o Ul WN B

#include <iostream>
#include <stdio.h>

using namespace cv;
/// Global Variables

const int NUMBER = 100;
const int DELAY = 5;

const int window width = 900;
const int window height = 600;

int x 1 = -window width/2;
int x 2 = window width*3/2;
int y 1 = -window width/2;
int y 2 = window width*3/2;

/// Function headers

static Scalar randomColor ( RNG& rng );

int Drawing Random Lines( Mat image,
int Drawing Random Rectangles( Mat image,

) ;

int Drawing Random Ellipses( Mat image,

) 8

char* window name, RNG rng );

char* window name, RNG rng

char* window name, RNG rng

int Drawing Random Polylines( Mat image, char* window name, RNG rng

) ;

int Drawing Random Filled Polygons( Mat image, char* window name,

RNG rng );

int Drawing Random Circles( Mat image,
int Displaying Random Text ( Mat image,

int Displaying Big End( Mat image,

/'k'k

* @function main
Y/

int main( void )

{

int c;

/// Start creating a window

char* window name, RNG rng );
char* window name, RNG rng );

char* window name, RNG rng );

char window name[] = "Drawing 2 Tutorial";

/// Also create a random object

RNG rng( OxXFFFFFFFF );

(RNG)

/// Initialize a matrix filled with zeros
Mat image = Mat::zeros( window height, window width, CV_8UC3 );
/// Show it in a window during DELAY ms

imshow ( window name, image );

waitKey ( DELAY );

/// Now, let's draw some lines

¢ = Drawing Random Lines (image, window name, rng);

if( ¢ !'= 0 ) return O0;
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}

/// Go on drawing, this time nice rectangles
¢ = Drawing Random Rectangles (image, window name, rng);
if( ¢ !'= 0 ) return 0;

Draw some ellipses

= Drawing Random Ellipses( image, window name, rng );
) return O;

0

Drawing Random Polylines( image, window name, rng );

///

€@

if( c
/

€@

i €

0

/ Now some polylines
(

) return O0;

Drawing Random Filled Polygons( image, window_name, rng );

©

0

/ Draw filled polygons
(

) return O0;

Drawing Random Circles( image, window name, rng );

©

0

/ Draw circles
(

) return O;

Displaying Random Text ( image, window name, rng );

c

0

) return O;

/ Display text in random positions
(

Displaying Big End( image, window name, rng );

c

0

/ Displaying the big end!
(

) return O;

waitKey (0) ;
return 0;

/// Function definitions

/**
* @function randomColor
* @brief Produces a random color given a random object

static Scalar randomColor (

{

*/

int icolor
return Scalar (

/**

* @function Drawing Random Lines

*/

RNG& rng
= (unsigned) rng;
icoloré&255,

)

(icolor>>8) &255, (icolor>>16)&255 );

int Drawing Random Lines( Mat image,

{

Point ptl,

for (

{

ptl.
ptl.
pt2.
pt2.

KX X

int i

pt2;

= 0; i < NUMBER;

rng.
rng.
rng.
rng.

uniform( x 1
uniform( y 1,
uniform( x 1,
uniform( y 1

4

4

—_ — — —

Ne Ne N

~.

char* window name, RNG rng )
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line( image, ptl, pt2, randomColor(rng), rng.uniform(l, 10), 8
) ;
imshow ( window name, image );
if( waitKey( DELAY ) >= 0 )
{ return -1; }

}

return 0;

}
/**

* @function Drawing Rectangles

*/
int Drawing Random Rectangles( Mat image, char* window name, RNG rng
)
{

Point ptl, pt2;

int lineType = 8;

int thickness = rng.uniform( -3, 10 );

for( int i = 0; 1 < NUMBER; i++ )
{

ptl.x = rng.uniform( x 1, x 2 );
ptl.y = rng.uniform( y 1, y 2 );
pt2.x = rng.uniform( x 1, x 2 );
pt2.y = rng.uniform( y 1, y 2 );

rectangle( image, ptl, pt2, randomColor (rng), MAX( thickness, -1
), lineType );

imshow ( window name, image );
if( waitKey( DELAY ) >= 0 )
{ return -1; }

}

return 0;

}
/‘k‘k

* @function Drawing Random Ellipses

*/
int Drawing Random Ellipses( Mat image, char* window name, RNG rng )
{

int lineType = 8;

for ( int 1 = 0; i < NUMBER; i++ )
{

Point center;

center.x = rng.uniform(x 1, x 2);

center.y = rng.uniform(y 1, y 2);

Size axes;
axes.width = rng.uniform (0, 200);
axes.height = rng.uniform (0, 200);

double angle = rng.uniform(0, 180);

ellipse( image, center, axes, angle, angle - 100, angle + 200,
randomColor (rng), rng.uniform(-1,9), lineType );

imshow ( window name, image );
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}

if ( waitKey (DELAY)

{ return -1; }

}

return 0;

/**

* @function Drawing Random Polylines

int Drawing Random Polylines( Mat image,

)
{

*/

>= 0 )

int lineType = 8;

for( int i = 0; 1< NUMBER; i++ )

{
Point pt[2][3];
pt[0][0].x = rng.uniform(x 1,
pt[0]1[0].y = rng.uniform(y 1,
pt[0][1].x = rng.uniform(x 1,
pt[0][1].y = rng.uniform(y 1,
pt[0][2].x = rng.uniform(x 1,
pt[0][2].y = rng.uniform(y 1,
pt[1]1[0].x = rng.uniform(x 1,
ptl[l]1[0].y = rng.uniform(y 1,
ptl1l][1l].x = rng.uniform(x 1,
ptl(1][1].y = rng.uniform(y 1,
ptll]1[2].x = rng.uniform(x 1,
ptll][2].y = rng.uniform(y 1,
const Point* ppt[2] = {pt[0],
int npt[] = {3, 3};
polylines (image, ppt, npt, 2,

rng.uniform(1l,10), lineType);

imshow ( window name, image );

}

if( waitKey (DELAY)

{ return -1; }

}

return 0;

/**

* @function Drawing Random Filled Polygons

int Drawing Random Filled Polygons( Mat image,

*/

RNG rng )

{

int lineType

for ( int i

{

87

0; i

>= 0 )

< NUMBER;

.uniform
.uniform
.uniform
.uniform
.uniform

i+

X R X R X R XX X

NDNDDNDDNDNDDNDNDNDDNDDNDDNDDN

Ne Ne Ne Ne Ne Ne Ne Ne Ne Ne N

~e

char* window name,

o)
=
i

—

true,

randomColor (rng),

RNG rng

char* window_ name,
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randomColor (rng),

lineType )

char* window name,

RNG rng )

300), randomColor (rng),

ptl0][2].y = rng.uniform(y 1, y 2);
pt[1]1[0].x = rng.uniform(x 1, x 2);
ptl[1][0].y = rng.uniform(y 1, y 2);
ptl[l1][1].x = rng.uniform(x 1, x 2);
ptl(l]1[1].y = rng.uniform(y 1, y 2);
ptll][2].x = rng.uniform(x 1, x 2);
ptll]1[2].y = rng.uniform(y 1, y 2);
const Point* ppt[2] = {pt[0], ptll]l};
int npt[] = {3, 3}:
fillPoly( image, ppt, npt, 2,
imshow ( window name, image );
if( waitKey (DELAY) >= 0 )
{ return -1; }
}
return 0;
}
/**
* @function Drawing Random Circles
=/
int Drawing Random Circles( Mat image,
{
int lineType = 8;
for (int i = 0; 1 < NUMBER; i++)
{
Point center;
center.x = rng.uniform(x 1, x 2);
center.y = rng.uniform(y 1, y 2);
circle( image, center, rng.uniform(0,
rng.uniform (-1, 9), lineType );
imshow ( window name, image );
if ( waitKey (DELAY) >= 0 )
{ return -1; }
}
return 0;
}
/**
* @function Displaying Random Text
W
int Displaying Random Text ( Mat image,

{

rng.uniform(1,

int lineType = 8;

for ( int 1 = 1;

{
Point org;
org.x = rng.uniform(x 1,
org.y = rng.uniform(y 1,

putText ( image,

i < NUMBER;

i++

)

"Testing text rendering",

rng.uniform(0,100)*0.05+0.1,

10),

lineType) ;

char* window_ name,

RNG rng )

org, rng.uniform(0,8),
randomColor (rng),



AR

301 imshow ( window name, image );
302 if( waitKey (DELAY) >= 0 )
303 { return -1; }

304 }

305

306 return 0;

307 }

308

309 [/**

310 * @function Displaying Big End
311 @/

312 int Displaying Big End( Mat image, char* window name, RNG )
313 |

314 Size textsize = getTextSize ("OpenCV forever!",
315 FONT HERSHEY COMPLEX, 3, 5, 0);

316 Point org((window width - textsize.width)/2, (window height -
317 textsize.height) /2);

318 int lineType = 8;

319

320 Mat image2;

321

322 for( int i = 0; 1 < 255; i += 2 )

323 {

324 image2 = image - Scalar::all(i);

325 putText ( image2, "OpenCV forever!", org, FONT HERSHEY COMPLEX,
326 3,

327 Scalar (i, i, 255), 5, lineType );
328

329 imshow ( window name, image2 );

330 if( waitKey (DELAY) >= 0 )

331 { return -1; }

332 }

333

334 return 0;
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static Scalar randomColor ( RNG& rng )
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"opencv2/imgproc/imgproc.hpp"
"opencv2/highgui/highgui.hpp"
<math.h>

<stdlib.h>

<stdio.h>

using namespace cv;

/// Global variables

Mat src, dst, tmp;
char* window name = "Pyramids Demo";
/**
* @function main
%/
int main( int argc, char** argv )
{
/// General instructions
printf( "\n Zoom In-Out demo \n " );
PEAMEE ( Vommmmmmmmomo=o=o=s \n" );
printf( "™ * [u] -> Zoom in \n" );
printf( " * [d] -> Zoom out \n" );
printf( "™ * [ESC] -> Close program \n \n" );
/// Test image - Make sure it s divisible by 27{n}
src = imread( argv[1l] );
if( !src.data )
{ printf (" No data! -- Exiting the program \n");
return -1; }
tmp = src;
dst = tmp;

/// Create window

namedWindow ( window name, CV_WINDOW AUTOSIZE );
imshow ( window name, dst );
/// Loop
while ( true )
{
int c;
c = waitKey (10);
if( (char)c == 27 )

{ break; }



46 if( (char)c == 'u' )

47 { pyrUp( tmp, dst, Size( tmp.cols*2, tmp.rows*2 ) );
48 printf( "** Zoom In: Image x 2 \n" );

49 }

50 else 1if( (char)c == 'd' )

51 { pyrDown ( tmp, dst, Size( tmp.cols/2, tmp.rows/2 ) );
52 printf( "** Zoom Out: Image / 2 \n" );

53 }

54

55 imshow ( window name, dst );

56 tmp = dst;

57 }

58 return 0;

59 }
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Threshold binary ™
Threshold binary, inverted **
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#include "opencv2/imgproc/imgproc.hpp"
#include "opencv2/highgui/highgui.hpp"
#include <stdlib.h>
#include <stdio.h>

using namespace cv;

/77

int
int
int
int
int

Global variables

threshold value = 0;
threshold type = 3;

const max value = 255;

const max type = 4;

const max BINARY value = 255;

Threshold to zero, inverted
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Mat src, src _gray, dst;

char* window name = "Threshold Demo";

char* trackbar type = "Type: \n 0: Binary \n 1: Binary Inverted \n
2: Truncate \n 3: To Zero \n 4: To Zero Inverted";

char* trackbar value = "Value";

/// Function headers
void Threshold Demo( int, wvoid* );

/**
* @function main
)
int main( int argc, char** argv )
{ /// Load an image
src = imread( argv[1l], 1 );

/// Convert the image to Gray
cvtColor ( src, src_gray, CV_RGB2ZGRAY );

/// Create a window to display results
namedWindow ( window name, CV_WINDOW AUTOSIZE );

/// Create Trackbar to choose type of Threshold
createTrackbar ( trackbar type,
window name, &threshold type,
max type, Threshold Demo );

createTrackbar ( trackbar value,
window name, &threshold value,
max value, Threshold Demo );

/// Call the function to initialize
Threshold Demo( 0, 0 );

/// Wait until user finishes program
while (true)

{

int c;
c = waitKey( 20 );
if( (char)c == 27 )
{ break; }
}
}
/**
* @function Threshold Demo
LV
void Threshold Demo( int, wvoid* )
{
/* 0: Binary
1: Binary Inverted
2: Threshold Truncated
3: Threshold to Zero
4: Threshold to Zero Inverted
w



77 threshold( src gray, dst, threshold value,
78 max BINARY value, threshold type );

79

80 imshow ( window name, dst );

}
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1 #include "opencv2/highgui/highgui.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3 #include <iostream>
4 #include <stdio.h>
5
6 using namespace std;
7 using namespace CV;
8
9 /**
10 * @function main
11 %Y
12 int main( int argc, char** argv )
13 {
14 Mat src, dst;
15
16 /// Load image
17 src = imread( argv([1l], 1 );
18
19 if( !src.data )
20 { return -1; }
21
22 /// Separate the image in 3 places ( B, G and R )
23 vector<Mat> bgr planes;

dims ™

Domain ¢
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24 split ( src, bgr planes );

25

26 /// Establish the number of bins

27 int histSize = 256;

28

29 /// Set the ranges ( for B,G,R) )

30 float rangel[] = { 0, 256 } ;

31 const float* histRange = { range };

32

33 bool uniform = true; bool accumulate = false;

34

35 Mat b hist, g hist, r hist;

36

37 /// Compute the histograms:

38 calcHist ( &bgr planes[0], 1, 0, Mat(), b _hist, 1, &histSize,
39 &histRange, uniform, accumulate );

40 calcHist ( &bgr planes[1], 1, 0, Mat(), g hist, 1, &histSize,
41 &histRange, uniform, accumulate );

42 calcHist ( &bgr planes([2], 1, 0, Mat(), r hist, 1, &histSize,
43 &histRange, uniform, accumulate );

44

45 // Draw the histograms for B, G and R

46 int hist w = 512; int hist h = 400;

47 int bin w = cvRound( (double) hist w/histSize );

48

49 Mat histImage( hist h, hist w, CV_8UC3, Scalar( 0,0,0) );

50

51 /// Normalize the result to [ 0, histImage.rows ]

52 normalize(b_hist, b hist, 0, histImage.rows, NORM MINMAX, -1,
53 Mat () );

54 normalize (g hist, g hist, 0, histImage.rows, NORM MINMAX, -1,
55 Mat () );

56 normalize(r_hist, r hist, 0, histImage.rows, NORM MINMAX, -1,
57 Mat () );

58

59 /// Draw for each channel

60 for( int 1 = 1; 1 < histSize; i++ )

61 {

62 line ( histImage, Point( bin w*(i-1), hist h -

63 cvRound(b _hist.at<float>(i-1)) ) ,

64 Point ( bin w* (i), hist h - cvRound (b _hist.at<float>(1i))
65 ),

06 Scalar( 255, 0, 0), 2, 8, 0 );

67 line ( histImage, Point( bin w*(i-1), hist h -

68 cvRound(g hist.at<float>(i-1)) ) ,

69 Point ( bin w* (i), hist h - cvRound(g hist.at<float>(1i))
70 ),

71 Scalar( 0, 255, 0), 2, 8, 0 )

72 line ( histImage, Point( bin w*(i-1), hist h -

73 cvRound(r hist.at<float>(i-1)) ) ,

74 Point ( bin w* (i), hist h - cvRound(r hist.at<float>(i))
75 ),

76 Scalar( 0, 0, 255), 2, 8, 0 );

77 }

78

79 /// Display

80 namedWindow ("calcHist Demo", CV_WINDOW AUTOSIZE ) ;

81 imshow ("calcHist Demo", histImage );

82

83 waitKey (0) ;

84



85 return 0;
86 }
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#include

S pguas HCEl (xoxd 20598 &6

oS oo oolal ool ClilS Sl o (gl gl pgal olidg, polie d)")ST Cewd ds sl Lozl o

equalized(x,y) = H ’(src(x, y))

"opencv2/highgui/highgui.hpp"
"opencv2/imgproc/imgproc.hpp"
<iostream>

<stdio.h>

using namespace cv;
using namespace std;

/** @function main */

int main (

{

int argc, char** argv )

Mat src, dst;

char* source window = "Source image";
char* equalized window = "Equalized Image";

/// Load image

Src =

imread( argv[1l], 1 );

if( !src.data )
{ cout<<"Usage: ./Histogram Demo <path to image>"<<endl;
return -1;}

/// Convert to grayscale
cvtColor( src, src, CV_BGR2GRAY );

/// Apply Histogram Equalization
equalizeHist ( src, dst );

/// Display results

namedWindow ( source window, CV_WINDOW AUTOSIZE );
namedWindow ( equalized window, CV_WINDOW AUTOSIZE );

imshow ( source window, src );
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imshow ( equalized window,

dst );

/// Wait until user exits the program

waitKey (0) ;

return 0;
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#include "opencv2/highgui/highgui.hpp"
#include <stdlib.h>
#include <stdio.h>

using namespace cv;
/** @function main */
int main( int argc, char** argv )

{

Mat src, src gray;

Mat grad;
char* window name = "Sobel Demo - Simple Edge Detector";
int scale = 1;

int delta = 0;
int ddepth = CV_16S;

int c;

/// Load an image
src = imread( argv[1l] );

if( !src.data )
{ return -1; }

GaussianBlur( src, src, Size(3,3), 0, O,

/// Convert it to gray
cvtColor( src, src _gray, CV _RGB2GRAY );

/// Create window

namedWindow ( window name, CV WINDOW AUTOSIZE );

/// Generate grad x and grad y
Mat grad x, grad y;
Mat abs grad x, abs grad y;

/// Gradient X

//Scharr ( src_gray, grad x, ddepth, 1, O,
BORDER DEFAULT ) ;

Sobel ( src gray, grad x, ddepth, 1, 0, 3,
BORDER DEFAULT ) ;

convertScaleAbs ( grad x, abs grad x );

/// Gradient Y

//Scharr( src gray, grad y, ddepth, 0, 1,
BORDER DEFAULT ) ;

Sobel ( src _gray, grad y, ddepth, 0, 1, 3,
BORDER DEFAULT )

convertScaleAbs ( grad y, abs grad y );

/// Total Gradient (approximate)
addWeighted( abs grad x, 0.5, abs grad y,

imshow ( window name, grad );
waitKey (0) ;

return 0;
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scale,

0.5, 0,

BORDER DEFAULT ) ;

delta,

delta,

delta,
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grad );
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#include "opencv2/imgproc/imgproc.hpp"
#include "opencv2/highgui/highgui.hpp"
#include <stdlib.h>
#include <stdio.h>

using namespace cv;
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/** @function main */
int main( int argc, char** argv )

{

Mat src, src gray, dst;

int kernel size = 3;

int scale = 1;

int delta = 0;

int ddepth = CV_16S;

char* window name = "Laplace Demo";

imit @g

/// Load an image
src = imread( argv[1l] );

if( !src.data )
{ return -1; }

/// Remove noise by blurring with a Gaussian filter
GaussianBlur( src, src, Size(3,3), 0, 0, BORDER DEFAULT ) ;

/// Convert the image to grayscale
cvtColor( src, src _gray, CV_RGB2GRAY );

/// Create window
namedWindow ( window name, CV_WINDOW AUTOSIZE );

/// Apply Laplace function
Mat abs dst;

Laplacian( src gray, dst, ddepth, kernel size, scale, delta,

BORDER DEFAULT ) ;

convertScaleAbs ( dst, abs dst );

/// Show what you got
imshow ( window name, abs dst );

waitKey (0) ;

return O;
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"opencv2/imgproc/imgproc.hpp"
"opencv2/highgui/highgui.hpp"
<stdlib.h>

<stdio.h>

using namespace cv;

/// Global variables

Mat src,
Mat dst,

src_gray;
detected edges;

int edgeThresh = 1;
int lowThreshold;

int const max lowThreshold = 100;
int ratio = 3;

int kernel size = 3;
char* window name =

/**

"Edge Map";

* @function CannyThreshold
* @brief Trackbar callback - Canny thresholds input with a ratio 1:3

*/

void CannyThreshold(int, void¥*)

{

/// Reduce noise with a kernel 3x3

blur (

src_gray, detected edges, Size(3,3)

/// Canny detector

Canny ( detected edges,

lowThreshold*ratio, kernel size );

detected edges,
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dst = Scalar::all(0);

src.copyTo( dst, detected edges);
imshow ( window name, dst );

/** @function main */
int main( int argc, char** argv )
{

/// Load an image

src = imread( argv[1l] );

if( !src.data )
{ return -1; }

/// Create a matrix of the same type and size as src (for dst)
dst.create( src.size(), src.type() );

/// Convert the image to grayscale
cvtColor( src, src _gray, CV_BGR2GRAY );

/// Create a window
namedWindow ( window name, CV_WINDOW AUTOSIZE ) ;

/// Create a Trackbar for user to enter threshold
createTrackbar( "Min Threshold:", window name, &lowThreshold,

max lowThreshold, CannyThreshold );

/// Show the image
CannyThreshold (0, 0);

/// Wait until user exit program by pressing a key
waitKey (0) ;

return O;
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1 #include "opencv2/highgui/highgui.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3 #include <iostream>
4 #include <stdio.h>
5 #include <stdlib.h>
6
7 using namespace cv;
8 using namespace std;
9
10 Mat src; Mat src gray;
11 int thresh = 100;
12 int max thresh = 255;
13 RNG rng(l12345);
14
15 /// Function header
16 void thresh callback(int, void* );
17
18 /** @function main */
19 int main( int argc, char** argv )
20 {
21 /// Load source image and convert it to gray
22 src = imread( argv[1l], 1 );
23
24 /// Convert image to gray and blur it
25 cvtColor( src, src _gray, CV_BGR2GRAY );
26 blur ( src _gray, src _gray, Size(3,3) );
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/// Create Window

char* source window = "Source";

namedWindow ( source window, CV WINDOW AUTOSIZE
imshow ( source window, src );

) 7

createTrackbar( " Canny thresh:", "Source", &thresh, max thresh,

thresh callback );
thresh callback( 0, 0 );

waitKey (0) ;
return (0) ;

}

/** @function thresh callback */
void thresh callback(int, void* )
{
Mat canny output;
vector<vector<Point> > contours;

vector<Vec4i> hierarchy;

/// Detect edges using canny

Canny( src_gray, canny output, thresh, thresh*2, 3 );

/// Find contours

findContours ( canny output, contours, hierarchy, CV_RETR TREE,

CV_CHAIN APPROX SIMPLE, Point (0, 0) );

/// Draw contours

Mat drawing = Mat::zeros( canny output.size(),
for( int i = 0; i< contours.size(); i++ )
{

Scalar color = Scalar( rng.uniform(0, 255),

rng.uniform(0,255), rng.uniform(0,255) );
drawContours ( drawing, contours, i, color,
0, Point () );
}

/// Show in a window
namedWindow ( "Contours", CV_WINDOW AUTOSIZE );
imshow ( "Contours", drawing );

CV_8UC3 );
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>
#include <stdlib.h>

using namespace cv;
using namespace std;
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10 Mat src; Mat src gray;
11 int thresh = 100;

12 int max thresh = 255;
13 RNG rng(12345);
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/// Function header
void thresh callback(int, wvoid* );

/** @function main */

int main( int argc,

{

}

char** argv )

/// Load source image and convert it to gray

src = imread( argv[1l], 1 );

r

/// Convert image to gray and blur it
cvtColor( src, src _gray, CV_BGR2GRAY );
blur( src gray, src_gray,

/// Create Window
char* source window = "Source";

namedWindow ( source window, CV_WINDOW AUTOSIZE );
imshow ( source window, src

createTrackbar( " Threshol
thresh callback );
thresh callback( 0, 0 );

waitKey (0) ;
return (0) ;

Size(3,3) )

);

d:", "Source", &thresh,

/** @function thresh callback */
void thresh callback(int, void* )

{

CV_RETR_TREE,

rng.uniform(0,255),

0,

Mat src copy

= src.clone()

Mat threshold output;
vector<vector<Point> > contours;
vector<Vec4i> hierarchy;

’

/// Detect edges using Threshold
threshold( src gray, thres

/// Find contours
findContours ( threshold output, contours, hierarchy,

max_ thresh,

hold output, thresh, 255, THRESH BINARY

CV_CHAIN APPROX SIMPLE, Point (0, 0) );

/// Find the convex hull object for each contour
vector<vector<Point> >hull ( contours.size() );:

for( int i =

0; 1 < contou

rs.size(); i++ )

{ convexHull ( Mat (contours([i]), hull[i], false )

/// Draw contours + hull results
Mat drawing = Mat::zeros( threshold output.size(), CV_8UC3 );

for( int i =

{

0; i< contour

Scalar color = Scalar (

drawContours ( drawing,
vector<Vecdi> (),
drawContours ( drawing,

Point () )
}

0, Point () );

/// Show in a window

namedWindow (

"Hull demo",

s.size(); i++ )

rng.uniform (0, 255),

rng.uniform(0,255) );

contours, i, color, 1,

hull, i, color, 1, 8,

CV_WINDOW AUTOSIZE );

;o

8,

vector<Vecdi> (),
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77 imshow ( "Hull demo", drawing );
78 }
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>
#include <stdlib.h>
using namespace cv;
using namespace std;
Mat src; Mat src gray;
int thresh = 100;
int max thresh = 255;
RNG rng(12345);
/// Function header
void thresh callback(int, void* );
/** @function main */
int main( int argc, char** argv )
{
/// Load source image and convert it to gray
src = imread( argv[1l], 1 );
/// Convert image to gray and blur it
cvtColor( src, src _gray, CV_BGR2GRAY );
blur ( src_gray, src _gray, Size(3,3) );
/// Create Window
char* source window = "Source";
namedWindow ( source window, CV_WINDOW AUTOSIZE );
imshow ( source window, src );
createTrackbar ( " Threshold:", "Source", &thresh, max thresh,

thresh callback );
thresh callback( 0, 0 );

waitKey (0) ;
return (0) ;

}

/** @function thresh callback */

void thresh callback(int, void* )

{
Mat threshold output;
vector<vector<Point> > contours;
vector<Vec4i> hierarchy;

/// Detect edges using Threshold

threshold( src gray, threshold output, thresh, 255, THRESH BINARY
) ;

/// Find contours

findContours ( threshold output, contours, hierarchy,
CV_RETR TREE, CV_CHAIN APPROX SIMPLE, Point (0, 0) );

/// Approximate contours to polygons + get bounding rects and
circles
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57 vector<vector<Point> > contours poly( contours.size() );

58 vector<Rect> boundRect ( contours.size() );

59 vector<Point2f>center ( contours.size() );

60 vector<float>radius( contours.size () );

6l

62 for( int i = 0; 1 < contours.size(); i++ )

63 { approxPolyDP( Mat (contours[i]), contours poly[i], 3, true );
64 boundRect [i] = boundingRect ( Mat (contours poly[i]) );

66 minEnclosingCircle( (Mat)contours poly[i], center[i],

67 radius[i] ):

68 }

69

70

71 /// Draw polygonal contour + bonding rects + circles

72 Mat drawing = Mat::zeros( threshold output.size(), CV_8UC3 );
73 for( int 1 = 0; 1< contours.size(); i++ )

74 {

75 Scalar color = Scalar( rng.uniform(0, 255),

76 rng.uniform(0,255), rng.uniform(0,255) );

77 drawContours ( drawing, contours poly, i, color, 1, 8,

78 vector<Vecd4i>(), 0, Point() ):;

79 rectangle ( drawing, boundRect[i].tl(), boundRect[i].br (),
80 color, 2, 8, 0 );

81 circle( drawing, center[i], (int)radius[i], color, 2, 8, 0 );
82 }

83

84 /// Show in a window

85 namedWindow ( "Contours", CV_WINDOW AUTOSIZE ) ;

86 imshow ( "Contours", drawing );

87 }

88
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>
#include <stdlib.h>

using namespace cv;
using namespace std;

O ~J o U b WD

10 Mat src; Mat src gray;
11 int thresh = 100;

12 int max thresh = 255;
13 RNG rng(12345);

15 /// Function header
16 void thresh callback(int, void* );

18 /** @function main */
19 int main( int argc, char** argv )

20 {

21 /// Load source image and convert it to gray
22 src = imread( argv[1l], 1 );

23

24 /// Convert image to gray and blur it

25 cvtColor( src, src_gray, CV_BGR2GRAY );
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blur ( src _gray, src _gray, Size(3,3) );

/// Create Window

char* source window = "Source";

namedWindow ( source window, CV_WINDOW AUTOSIZE );
imshow ( source window, src );

createTrackbar ( " Threshold:", "Source", &thresh, max thresh,
thresh callback );
thresh callback( 0, 0 );

waitKey (0) ;
return (0) ;

}

/** @function thresh callback */
void thresh callback(int, void* )

{
Mat threshold output;
vector<vector<Point> > contours;
vector<Vec4i> hierarchy;

/// Detect edges using Threshold

threshold( src gray, threshold output, thresh, 255, THRESH BINARY

) ;

/// Find contours

findContours ( threshold output, contours, hierarchy,
CV_RETR TREE, CV_CHAIN APPROX SIMPLE, Point (0, 0) );

/// Find the rotated rectangles and ellipses for each contour
vector<RotatedRect> minRect ( contours.size () );
vector<RotatedRect> minEllipse( contours.size() );

for( int i = 0; 1 < contours.size(); i++ )
{ minRect[i] = minAreaRect ( Mat (contours[i]) )

if( contours([i].size() > 5 )

{ minEllipse[i] = fitEllipse( Mat (contours([i]) ); }
}

/// Draw contours + rotated rects + ellipses
Mat drawing = Mat::zeros( threshold output.size(), CV_8UC3 );
for( int i = 0; i< contours.size(); i++ )
{
Scalar color = Scalar( rng.uniform(0, 255),
rng.uniform(0,255), rng.uniform(0,255) );
// contour
drawContours ( drawing, contours, i, color, 1, 8,
vector<Vec4i> (), 0, Point() );
// ellipse
ellipse( drawing, minEllipse[i], color, 2, 8 );
// rotated rectangle
Point2f rect points[4]; minRect[i].points( rect points );
for( int j = 0; j < 4; j++ )
line ( drawing, rect points[j], rect points[(j+1)%4],
color, 1, 8 );

}

/// Show in a window
namedWindow ( "Contours", CV_WINDOW AUTOSIZE );
imshow ( "Contours", drawing );
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1 #include "opencv2/core/core.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3 #include "opencv2/highgui/highgui.hpp"
4
5 #include <iostream>
6
7 using namespace cv;
8
9 // Rearrange the quadrants of a Fourier image so that the origin is
10 // at the image center
11 void shiftDFT (Mat &fImage )
12 {
13 Mat tmp, 90, gl, g2, g3;
14
15 // first crop the image, if it has an odd number of rows or
16 columns
17
18 fImage = fImage (Rect (0, 0, fImage.cols & -2, fImage.rows & -2));
19
20 int cx = fImage.cols / 2;
21 int cy = fImage.rows / 2;
22
23 // rearrange the quadrants of Fourier image
24 // so that the origin is at the image center
25
26 g0 = fImage(Rect (0, 0, cx, cy));
27 gl = fImage(Rect(cx, 0, cx, cy));
28 g2 = fImage (Rect (0, cy, cx, cy));
29 g3 = fImage (Rect(cx, cy, cx, Cy));
30
31 g0.copyTo (tmp) ;
32 g3.copyTo (g0) ;
33 tmp.copyTo (g3) ;
34
35 gl.copyTo (tmp) ;
36 g2.copyTo (ql) ;
37 tmp.copyTo (g2) ;
38 }
39
40 int main ()
41 {
42 // Load an image
43 Mat Il = imread("PICTURES/1.jpg", CV_LOAD IMAGE GRAYSCALE) ;

44 Mat I2 = imread("PICTURES/2.jpg", CV_LOAD IMAGE GRAYSCALE) ;



.

45

46 Mat fI1l;

477 Mat fI2;

48 Il.convertTo (fI1, CV_32F);

49 I2.convertTo (fI2, CV_32F);

50

51 //expand input image to optimal size

52 int m = getOptimalDFTSize( Il.rows );

53 int n = getOptimalDFTSize( Il.cols );

54

55 Mat paddedl, padded2;

56

57 // on the border add zero values

58 copyMakeBorder (fI1, paddedl, 0, m - Il.rows, O, n - Il.cols,
59 BORDER CONSTANT, Scalar::all(0));

60 copyMakeBorder (fI2, padded2, 0, m - I2.rows, O, n - I2.cols,
ol BORDER CONSTANT, Scalar::all(0));

62

63 //Perform DFT

64 Mat fourierTransforml;

65 Mat fourierTransform2;

66 Mat planesl[2], planes2[2];

67

68 dft (fI1, fourierTransforml, DFT SCALE|DFT COMPLEX OUTPUT) ;

69 dft (fI2, fourierTransform2, DFT SCALE | DFT_COMPLEX_OUTPUT) 8

70

71 // rearrange the quadrants of Fourier image

72 shiftDFT (fourierTransforml) ;

73 shiftDFT (fourierTransform?) ;

74

75 split (fourierTransforml, planesl);// planesl[0] = Re(DFT(I1)),
76 planesl[1l] = Im(DFT(I1))

77 split (fourierTransform2, planes2);// planes2[0] = Re(DFT(I2)),
78 planes2[1] = Im(DFT(I2))

79

80 Mat phl, magl;

81 cartToPolar (planesl[0], planesl[l], magl, phl);

82

83 Mat ph2, mag2;

84 cartToPolar (planes2[0], planes2[l], mag2, ph2);

85

86 /// 1f we want to show only the magnitude of the images:

87 // phl = Mat::zeros(planesl[0].rows, planesl[0].cols, CV_32FCl);
88 // ph2 = Mat::zeros(planes2[0].rows, planes2[0].cols, CV_32FCl);
89

90 /// 1f we want to show only the phase of the images:

91 // magl = Mat::ones (planesl[0].rows, planesl[0].cols, CV_32FC1) ;
92 // mag2 = Mat::ones(planes2[0].rows, planes2[0].cols, CV_32FCl);
93

94 polarToCart (mag2, phl, planesl[0], planesl[1l]);

95 polarToCart (magl, ph2, planes2[0], planes2[1l]);

96

97 merge (planesl, 2, fourierTransforml) ;

98 merge (planes2, 2, fourierTransform?2);

99

100 // rearrange the quadrants of Fourier image

101 shiftDFT (fourierTransforml) ;

102 shiftDFT (fourierTransform?) ;

103

104 //Perform IDFT

105 Mat inverseTransforml, inverseTransform2;



106

107 dft (fourierTransforml, inverseTransforml,
108 DFT INVERSE|DFT REAL OUTPUT) ;

109 dft (fourierTransform2, inverseTransform2,
110 DFT INVERSE | DFT_REAL_OUTPUT) 2

111

112 imshow ("original image 1", I1);

113 imshow ("original image 2", I2);

114

115 cv::Mat outl, out2;

116 inverseTransforml.convertTo (outl, CV_8U);
117 inverseTransform2.convertTo (out2, CV_8U);
118

119 imshow ("result image 1", outl);

120 imshow ("result image 2", out2);

121

122 waitKey (0) ;

123 1}
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#include
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"opencv2/imgproc/imgproc.hpp"
"opencv2/highgui/highgui.hpp"
<stdlib.h>

<stdio.h>

using namespace cv;

/// Global variables

Mat src, erosion dst, dilation dst;
int erosion elem = 0;

int erosion size = 0;

int dilation elem = 0;

int dilation size = 0;

int const max elem = 2;

int const max kernel size = 21;
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/** Function Headers */
void Erosion( int, wvoid* );
void Dilation( int, wvoid* );

/** @function main */
int main( int argc, char** argv )
{
/// Load an image
src = imread( argv[1l] );
if( !src.data )
{ return -1; }

/// Create windows

namedWindow ( "Erosion Demo", CV_WINDOW AUT
namedWindow ( "Dilation Demo", CV_WINDOW AU
cvMoveWindow ( "Dilation Demo", src.cols, 0

/// Create Erosion Trackbar
createTrackbar( "Element:\n O:
"Erosion Demo",

Rect \n 1:

&erosion elem, max_elem,
Erosion );
"E

createTrackbar ( "Kernel size:\n 2n +1",

&erosion size, max kernel

Erosion );
/// Create Dilation Trackbar
createTrackbar( "Element:\n O:
"Dilation Demo",

Rect \n 1:

&dilation elem, max elem,
Dilation ) ;

"Kernel size:\n 2n +1", "D
&dilation size, max kernel
Dilation );

createTrackbar (

/// Default start
Erosion( 0, 0 );
Dilation( 0, 0 );

waitKey (0) ;
return 0;

}
*/

void* )

/** @function Erosion
void Erosion( int,
{
int erosion type;
if( erosion elem == ) {
else if( erosion elem ==
else if ( erosion elem

erosion type = MO
1 ){ erosion type
2) { erosion_ type

Mat element = getStructuringElement ( erosi
Size (
2*erosion size+l ),
Point
) i

erosion_size )

/// Bpply the erosion operation

OSIZE );
TOSIZE ) ;
) ;

Cross \n 2: Ellipse",

rosion Demo",
size,

Cross \n 2: Ellipse",

ilation Demo",

_size,

RPH RECT; }
= MORPH CROSS; '}
= MORPH ELLIPSE; }

on_ type,
2*erosion size + 1,

( erosion size,
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erode ( src, erosion dst, element );
imshow ( "Erosion Demo", erosion dst );

}

/** @function Dilation */
void Dilation( int, wvoid* )
{

int dilation type;

if( dilation elem == ) { dilation type = MORPH RECT; }
else if( dilation elem == ) { dilation type = MORPH CROSS; }
else if( dilation elem == 2) { dilation type = MORPH ELLIPSE; }

Mat element = getStructuringElement( dilation type,
Size( 2*dilation size + 1,
2*dilation size+l ),
Point ( dilation_size,
dilation size ) );
/// RApply the dilation operation
dilate( src, dilation dst, element );
imshow( "Dilation Demo", dilation dst );
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1 #include "opencv2/imgproc/imgproc.hpp"

2 #include "opencv2/highgui/highgui.hpp"

3 #include <stdlib.h>

4 #include <stdio.h>

5

6 using namespace cv;

7

8 /// Global variables

9 Mat src, dst;

10

11 int morph elem = 0;

12 int morph size = 0;

13 int morph operator = 0;

14 int const max operator = 4;

15 int const max elem = 2;

16 int const max kernel size = 21;

17

18 char* window name = "Morphology Transformations Demo";
19

20 /** Function Headers */

21 void Morphology Operations( int, void* );
22

23 /** @function main */

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

25 |

26 /// Load an image

27 src = imread( argv[1l] );

28

29 if( !src.data )

30 { return -1; }

31

32 /// Create window

33 namedWindow ( window name, CV_WINDOW AUTOSIZE );
34

35 /// Create Trackbar to select Morphology operation

36 createTrackbar ("Operator:\n 0: Opening - 1: Closing \n 2: Gradient -
37 3: Top Hat \n 4: Black Hat", window name, &morph operator,

38 max operator, Morphology Operations );

39

40 /// Create Trackbar to select kernel type

41 createTrackbar( "Element:\n 0: Rect - 1: Cross - 2: Ellipse",

42 window_ name,

43 &morph elem, max elem,

44 Morphology Operations );

45

46 /// Create Trackbar to choose kernel size

477 createTrackbar ( "Kernel size:\n 2n +1", window name,
48 &morph size, max kernel size,

49 Morphology Operations );

50

51 /// Default start
52 Morphology Operations( 0, 0 );

53

54 waitKey (0) ;
55 return 0;
56 }

57
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/**

* @function Morphology Operations

*/
void Morphology Operations( int, void* )
{

// Since MORPH X : 2,3,4,5 and 6

int operation = morph operator + 2;

Mat element = getStructuringElement ( morph elem, Size( 2*morph size

+ 1, 2*morph size+l ), Point( morph size, morph size ) );

/// Rpply the specified morphology operation
morphologyEx ( src, dst, operation, element );
imshow ( window name, dst );
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>

using namespace std;
using namespace cv;

/**
* @function main
=
int main( int argc, char** argv )
{
Mat src base, hsv base;
Mat src testl, hsv_testl;
Mat src test2, hsv_ test2;

Correlation ™
Chi-Square "
Intersection "'
Bhattacharyya "
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Mat hsv_half down;

/// Load three images with different environment settings
if( argec < 4 )
{
printf ("** Error. Usage: ./compareHist Demo
<image settings0> <image settingl> <image settings2>\n");
return -1;

}

src_base = imread( argv[1l], 1 );
src_testl = imread( argv[2], 1 );
src_test2 = imread( argv[3], 1 );

/// Convert to HSV

cvtColor( src base, hsv base, COLOR BGR2HSV );
cvtColor ( src testl, hsv testl, COLOR BGRZHSV );
cvtColor ( src test2, hsv test2, COLOR BGR2HSV );

hsv_half down = hsv base( Range( hsv base.rows/2, hsv base.rows
- 1), Range( 0, hsv base.cols - 1 ) );

/// Using 50 bins for hue and 60 for saturation
int h bins = 50; int s bins = 60;

int histSize[] = { h bins, s _bins };

// hue varies from 0 to 179, saturation from 0 to 255
float h ranges[] = { 0, 180 };

float s _ranges([] = { 0, 256 };

const float* ranges[] = { h ranges, s ranges };

// Use the o-th and 1l-st channels
int channels[] = { 0, 1 };

/// Histograms

MatND hist base;
MatND hist half down;
MatND hist testl;
MatND hist test2;

/// Calculate the histograms for the HSV images

calcHist ( &hsv base, 1, channels, Mat(), hist base, 2, histSize,
ranges, true, false );

normalize( hist base, hist base, 0, 1, NORM MINMAX, -1, Mat() );

calcHist ( &hsv_half down, 1, channels, Mat (), hist half down, 2,
histSize, ranges, true, false );

normalize( hist half down, hist half down, 0, 1, NORM MINMAX, -
lr Mat() )r‘

calcHist ( &hsv_testl, 1, channels, Mat (), hist testl, 2,
histSize, ranges, true, false );

normalize ( hist_testl, hist_testl, 0, 1, NORM MINMAX, -1, Mat ()
)7

calcHist ( &hsv_test2, 1, channels, Mat (), hist test2, 2,
histSize, ranges, true, false );

normalize ( hist_test2, hist_test2, 0, 1, NORM MINMAX, -1, Mat ()
)7
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/// Rpply the histogram comparison methods
for( int i = 0; 1 < 4; i++ )
{
int compare method = i;
double base base = compareHist ( hist base, hist base,
compare method );
double base half = compareHist ( hist base, hist half down,
compare method );
double base testl = compareHist( hist base, hist testl,
compare method );
double base test2
compare method ) ;

compareHist ( hist base, hist test2,

printf( " Method [%d] Perfect, Base-Half, Base-Test(l),
Base-Test (2) : %f, %$f, %f, %$f \n", i, base base, base half ,
base testl, base test2 )
}

’

printf ( "Done \n" );

return 0;

}
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METHOD BASE-BASE BASE-HALF BASE-TEST1 BASE-TEST2
CORRELATION 1.000000 0.93076 0.18207 0.12044
CHI-SQUARE 0.000000 4.94046 21.1845 49.2734
INTERSECTION ‘ 24.39154 14.9598 3.88902 5.77508
BHATTACHARYYA ‘ 0.000000 0.22260 0.64657 0.80186
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#include "opencv2/imgproc/imgproc.hpp"
#include "opencv2/highgui/highgui.hpp"
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#include <iostream>
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using namespace cv;
using namespace std;

/17
Mat
int

/17

Global Variables
src; Mat hsv; Mat hue;
bins = 25;

Function Headers

void Hist and Backproj (int, void* );

/**
int

{

@function main */
main( int argc, char** argv )

/// Read the image

src = imread( argv[1l], 1 );

/// Transform it to HSV
cvtColor( src, hsv, CV_BGR2HSV );

/// Use only the Hue value

hue.create( hsv.size (), hsv.depth() );
int ch[] = { 0, 0 };

mixChannels( &hsv, 1, &hue, 1, ch, 1 );

/// Create Trackbar to enter the number of bins

char* window image = "Source image";
namedWindow ( window image, CV_WINDOW AUTOSIZE );
createTrackbar ("* Hue bins: ", window image, &bins,

Hist and Backproj );

/**

Hist and Backproj (0, 0);

/// Show the image
imshow ( window image, src );

/// Wait until user exits the program
waitKey (0) ;
return 0;

* @function Hist and Backproj
* @brief Callback to Trackbar

*/

void Hist and Backproj (int, wvoid* )

{

MatND hist;

int histSize = MAX( bins, 2 );

float hue range[] = { 0, 180 };
const float* ranges = { hue range };

/// Get the Histogram and normalize it

180,

calcHist ( &hue, 1, 0, Mat(), hist, 1, &histSize, &ranges,
false );

normalize( hist, hist, 0, 255, NORM MINMAX, -1, Mat ()
/// Get Backprojection
MatND backproj;

calcBackProject ( &hue, 1, 0, hist, backproj, &ranges,

/// Draw the backproj

) ;

1,

true,

true

) ;



'Y

66 imshow ( "BackProj", backproj );:

67

68 /// Draw the histogram

69 int w = 400; int h = 400;

70 int bin w = cvRound( (double) w / histSize );

71 Mat histImg = Mat::zeros( w, h, CV_8UC3 );

72

73 for( int i = 0; 1 < bins; 1 ++ )

74 { rectangle( histImg, Point( i*bin w, h ), Point( (i+1l)*bin w, h
75 - cvRound( hist.at<float>(i)*h/255.0 ) ), Scalar( 0, 0, 255 ), -1 );:
76}

77

78 imshow ( "Histogram", histImg );

79 }

80
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1 #include "opencv2/highgui/highgui.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3 #include <iostream>
4 #include <stdio.h>
5
6 using namespace std;
7 using namespace cv;
8
9 /// Global Variables
10 Mat img; Mat templ; Mat result;
11 char* image window = "Source Image";
12 char* result window = "Result window";
13
14 int match method;
15 int max Trackbar = 5;
16
17 /// Function Headers
18 wvoid MatchingMethod( int, wvoid* );
19
20 /** @function main */
21 int main( int argc, char** argv )
22 |

23 /// Load image and template
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img = imread( argv[1l], 1 );
templ = imread( argv[2], 1 );

/// Create windows
namedWindow ( image window, CV_WINDOW AUTOSIZE ) ;
namedWindow ( result window, CV_WINDOW AUTOSIZE );

/// Create Trackbar

char* trackbar label = "Method: \n 0: SQDIFF \n 1: SQDIFF NORMED
\n 2: TM CCORR \n 3: TM CCORR NORMED \n 4: TM COEFF \n 5: TM COEFF
NORMED" ;

createTrackbar ( trackbar label, image window, &match method,
max Trackbar, MatchingMethod );

MatchingMethod( 0, 0 );

waitKey (0) ;
return 0;

}

/*k*k
* @function MatchingMethod
* @brief Trackbar callback
“f
void MatchingMethod( int, wvoid* )
{
/// Source image to display
Mat img display;
img.copyTo( img display );

/// Create the result matrix
int result cols = img.cols - templ.cols + 1;
int result rows = img.rows - templ.rows + 1;

result.create( result cols, result rows, CV_32FCl );

/// Do the Matching and Normalize
matchTemplate ( img, templ, result, match method );
normalize( result, result, 0, 1, NORM MINMAX, -1, Mat() );

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

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

/// For SQDIFF and SQDIFF 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; }

else

{ matchLoc = maxLoc; }

/// Show me what you got

rectangle ( img display, matchLoc, Point( matchLoc.x + templ.cols
, matchloc.y + templ.rows ), Scalar::all(0), 2, 8, 0 );

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

imshow ( image window, img display );



85 imshow ( result window, result );
86

87 return;

88 }

89
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1 #include "opencv2/highgui/highgui.hpp"
2 #include "opencv2/imgproc/imgproc.hpp"
3
4 #include <iostream>
5
6 using namespace cv;
7 using namespace std;
8
9 void help ()
10 {
11 cout << "\nThis program demonstrates line finding with the Hough
12 transform.\n"
13 "Usage:\n"
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"./houghlines <image name>, Default is picl.jpg\n" <<
endl;
}

int main (int argc, char** argv)

{

Mat src = imread(argv[l], 0);

if(src.empty())

{
help () ;
cout << "can not open " << argv[l] << endl;
return -1;

}

Mat dst, cdst;
Canny (src, dst, 50, 200, 3);
cvtColor (dst, cdst, CV_GRAY2BGR) ;

#1if O
vector<Vec2f> lines;
Houghlines (dst, lines, 1, CV_PI/180, 100, 0, 0 );

for( size t 1 = 0; i < lines.size(); it++ )
{
float rho = lines[i][0], theta = lines([i][1];
Point ptl, pt2;
double a = cos(theta), b = sin(theta);
double x0 = a*rho, y0 = b*rho;
ptl.x = cvRound(x0 + 1000* (-b));
ptl.y = cvRound(y0 + 1000%* (a));
pt2.x cvRound (x0 - 1000* (-b)) ;
pt2.y = cvRound(y0 - 1000%* (a));
line( cdst, ptl, pt2, Scalar(0,0,255), 3, CV_AA);

}
#else
vector<Vec4i> lines;
HoughLinesP (dst, lines, 1, CV_PI/180, 50, 50, 10 );
for( size t 1 = 0; i < lines.size(); it++ )
{
Vecd4i 1 = lines[i];
line( cdst, Point (1[0], 1[1]), Point(l[2], 1[31),
Scalar (0,0,255), 3, CV_AA);
}
#endif
imshow ("source", src);
imshow ("detected lines", cdst);

waitKey () ;

return 0;
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#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"
#include <iostream>
#include <stdio.h>

using namespace Cvy;

/** @function main */

int main(int argc, char** argv)
0
1 Mat src, src _gray;
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/// Read the image
src = imread( argv[1l], 1 );

if( !src.data )
{ return -1; }

/// Convert it to gray
cvtColor( src, src gray, CV _BGR2ZGRAY );

/// Reduce the noise so we avoid false circle detection
GaussianBlur ( src_gray, src_gray, Size(9, 9), 2, 2 );

vector<Vec3f> circles;

/// RApply the Hough Transform to find the circles
HoughCircles( src _gray, circles, CV_HOUGH GRADIENT, 1,
src_gray.rows/8, 200, 100, 0, O );

/// Draw the circles detected
for( size t i = 0; i < circles.size(); i++ )
{
Point center (cvRound(circles[i][0]), cvRound(circles[i][1])):;
int radius = cvRound(circles[i][2]);
// circle center
circle( src, center, 3, Scalar(0,255,0), -1, 8, 0 );
// circle outline
circle( src, center, radius, Scalar(0,0,255), 3, 8, 0 );
}
/// Show your results
namedWindow ( "Hough Circle Transform Demo", CV_WINDOW AUTOSIZE );

imshow ( "Hough Circle Transform Demo", src );

waitKey (0) ;
return 0;
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