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Application Programming Interface (API)Z?

B AEHEORIH X 22?2 AE At

Hardware
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OSl(Operating System Interface)
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APIl(Application Program Interface)

I
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GUI(Graphical User Interface)

|
AR AL

= APl= Z2 A AHI 2EXX ALO|e] SZOHMEA =22 |
diFs g, FEHI Z2EZE Yol

= SW XA 222 = middleware @€ 22 HO|510] &

= 0f) fopen(), printf() &=+ &

F

[ok

6/53



Application Programming Interface (API)Z?

YOid CImageProcessingDoc: :OnHistoEqual ()

int i, value;
un51?ned char LOW, HIGH, Temp;
double SUM = 0.0;

m Re height = m height;
mRewidth = m width; .
m_Re"size = Re_height * m _Re width;

LOW = 0;
HIGH = 255;
// =7|5t

for(i=0 ; i<256 ; i++)
m_HIST[i] = LOW;

// BlE = ZAL: SIAEDY MM //

for(i=0 ; i<m_size ; i++){
value = (int)m InputImage[i];
m_HIST[value]++;

cv::equalizeHist ( InputArray src, OutputArray dst )
}

/1 55 slAEa MM
for(i=0 ; i<256 ; i++){
SUM += m_HIST[i];
m Sum Of HIST[i] = SUM;

m_OutputImage = new unsigned char[m Re size];

// o daS "WEEE Jdadez &9
for(i=0 ; i<m_size ; i++){
Temp = m_InputImage[i];
m_OutputImage[i]=(unsigned char) (m_Sum Of_ HIST[Temp]*
HIGH/m_size);
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AREHH Z2IYY ME TE: SW 2E(1)

® header &7t + main() & £

B header &7t+global variables + main() &<

#include <~~~> : AP I= P
#include “xxxxx.h" '
MAH~ MO

GIobaI':.E—’F—*._O.j — 1 =T L= L
int main(int argc, char** argv)
{

x| 4 Mol

Hal etng % (o2 main() '<|'5:|I-_/|K_

1= & e N N ek

LGRS

return O;
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AREHH Z2IYY M TE: SW TEQ)

B header &7} + AFEXE Q| e+ main() & E£=
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B header 7} +(global variables

#include <~~~> I MM 2|7
#include “xxxxx.h"” .

Global Bi= M A

Mo MO
int sum(int a, int b){ SALE X g
}
int main(int argc, char** argv)
{

x| g4 Mo -

main() &
X2 ¢nzE 7Y : S< Eg/NEl/ 2R
i BT S

return O;
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AFEHH™E =232 A

® header =7} + AF2 X} g

#include <~~~>
#include “xxxxx.h"

Global H MA
int sum(int a, int b);

int main(int argc, char** argv)

{

SEREEL

Xe| ¢ug|s 7o

~ ~A~

return O;

}

int sum(int a, int b){

~ o~

}
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AREHE 22003 €5 7= SW 71X 4)

B header &7} + (global variables) + AF&X

#include <~~~>
#include “xxxxx.h"

Global Bi= M A

class CheckBox : public Control {
public: Boolean IsChecked();
virtual int ChangeState() = 0;
i

int main(int argc, char** argv)

{

SEREEL

Xe| ¢ug|s 7

~ ~ A~

return O;
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AREHH 22X 5 = ofjH]-1

m SWAE X (Type-1): main & WOl 7|5

#include <iostream>

#include <vector>

#include <opencv2/core/core.hpp>

#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/highgui/highgui.hpp>
#include <opencv2/features2d/features2d.hpp>

int main()

{
// Read input images
cv::Mat imagel= cviimread("../church01,jpg",0);
cv::Mat image2= cviiimread("../church02,jpg",0);
if (limage1.data || limage2.data)
return O;

return O;
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AREHHE X €5 = ofH]-2

u SWAE TX (Type-2): AHEX} & 7

ol

At
#include <~~~>

///--- Global variables----///

int threshold_value = 0;

int threshold_type = 3;

int const max_value = 255;

int const max_type = 4;

int const max_BINARY _value = 255;

Mat image, src_gray, dst;
char* window_name = "Threshold Demo";

char* trackbar_type = "Type: Wn O: Binary ¥n 1: Binary Inverted Wn 2: Truncate Wn 3: To Zero #n 4: To Zero Inverted";
char* trackbar_value = "Value";

void Threshold_Demo( int, void*) // AHEXL gt e
{
/* 0: Binary 1: Binary Inverted 2: Threshold Truncated 3: Threshold to Zero 4: Threshold to Zero Inverted */

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

imshow( window_name, dst );

}

int main( int argc, char** argv )

{
/// Load image
image = imread( "Desert.omp"”, 1); // Read the file

(A=)
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~ o~ o~

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:end|;
return -1;
}

namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Display window", image );

/// 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; }
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AREHHE X €5 = oH-3

B SW AT T (Type-3): AHEXL & Bolot H1viS B2 19/ALE

#include <~~~>

///--- Global variables----///

int threshold_value = 0;

int threshold_type = 3;

int const max_value = 255;

int const max_type = 4;

int const max_BINARY _value = 255;

Mat image, src_gray, dst;
char* window_name = "Threshold Demo";

char* trackbar_type = "Type: #n O: Binary ¥n 1: Binary Inverted ¥n 2: Truncate ¥n 3: To Zero ¥n 4: To Zero Inverted";
char* trackbar_value = "Value";

void Threshold_Demo( int, void* ); /A8 XL Bt MA

int main( int argc, char** argv )

{

/// Load image
image = imread( "Desert.omp", 1); // Read the file

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:end|;
return -1;

}
namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Display window", image );
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~ o~ o~

/// Call the function to initialize
Threshold_Demo( 0, 0 );

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

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

}
i/oid Threshold_Demo( int, void* ) // MEX g 1o
{ /* 0: Binary 1: Binary Inverted 2: Threshold Truncated 3: Threshold to Zero 4: Threshold to Zero Inverted */
threshold( src_gray, dst, threshold_value, max_BINARY_value,threshold_type );

imshow( window_name, dst );

}
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AREHHE 2X €5 = oH-4

m SW AL X (Type-4): Class 7|8 &

#include <~~~>

///--- Global variables----///

int threshold_value = 0O;

int threshold_type = 3;

int const max_value = 255;

int const max_type = 4;

int const max_BINARY _value = 255;

class UserFunction{

Mat image;
void Threshold_Demo( int, void* ) // AMEX gt e
{

/* 0: Binary 1: Binary Inverted 2: Threshold Truncated 3: Threshold to Zero 4: Threshold to Zero Inverted */
threshold( src_gray, dst, threshold_value, max_BINARY_value,threshold_type );
imshow( window_name, dst );

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

UserFunction* fun = UserFunction;

/// Load image
fun.image = imread( "Desert.omp"”, 1); // Read the file

(A=)
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~ o~ o~

if (fun.image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:end|;
return -1;
}

namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Display window", fun.image );

/// Call the function to initialize
fun.Threshold_Demo( 0, 0 );

/// Wait until user finishes program
while(true)
{ .
Int ¢
¢ = waitKey( 20 );
if( (char)c == 27)
{ break; }
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[1] Mat - The Basic Image Container (1)

® Mat Class

= Mat is basically a class with two data parts:

- the matrix header (containing information such as the size of the matrix, the
method used for storing, at which address is the matrix stored, and so on)

* a pointer to the matrix containing the pixel values (taking any dimensionality
depending on the method chosen for storing) .

But the camera sees this:

194 210 201 212 199 213 215 195 178 158 182 209
180 189 190 221 209 205 191 167 147 115 129 163
114 126 140 188 176 165 152 140 170 106 78 B8
87 103 115 1S4 143 142 149 153 173 108 S S7
102 112 106 131 122 138 152 147 128 34 S8 &6
Of 95 79 104 105 124 129 113 107 87 69 67
68 71 & 98 89 92 98 9% 89 & 76 o
41 56 68 99 63 45 &0 82 S8 76 74 65
20 4 6 75 S6 41 S1 73 S5 70 63 &4
SO 50 57 6 75 1 73 )4 5y & S VW
72 S9 S3 66 B84 92 B4 4 ST 2 & &
6F 61 38 65 75 78 T6 13 39 15 & N




[1] Mat - The Basic Image Container (2)

m O|O|E #£Z: Mat class

Mat (int rows, int cols, int type)

Mat (Size size, int type)

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

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

Example) Mat frame; // default buffer
Mat image(324, 240, CV_8UCT) ; // Size: 320x240, 8bit unsigned char type, 1channel
Mat image(W, H, CV_8UC3); // Size: WxH, 8bit unsigned char type, 3channel

Mat image(324, 240, CV_8UCT1, Scaler(120)) ; // Size:320x240, 8bit unsigned char type,
1channel, Set value for all pixel: 120
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http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a2ec3402f7d165ca34c7fd6e8498a62ca
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#abed816466c45234254d25bc59c31245e
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa3e5a47585c9ef6a0842556739155e3e
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa6477efc7399fbe742418250ccf99a4b
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a75a97b1e4e55f380c172af58048a7cde
http://docs.opencv.org/3.1.0/dc/d84/group__core__basic.html#ga346f563897249351a34549137c8532a0
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a146f8e8dda07d1365a575ab83d9828d1
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa6477efc7399fbe742418250ccf99a4b
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a3620c370690b5ca4d40c767be6fb4ceb
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#abed816466c45234254d25bc59c31245e
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa3e5a47585c9ef6a0842556739155e3e
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa6477efc7399fbe742418250ccf99a4b
http://docs.opencv.org/3.1.0/dc/d84/group__core__basic.html#ga599fe92e910c027be274233eccad7beb
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a286371a6196eaaaf0b86e158590460b7
http://docs.opencv.org/3.1.0/dc/d84/group__core__basic.html#ga346f563897249351a34549137c8532a0
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#a146f8e8dda07d1365a575ab83d9828d1
http://docs.opencv.org/3.1.0/d3/d63/classcv_1_1Mat.html#aa6477efc7399fbe742418250ccf99a4b
http://docs.opencv.org/3.1.0/dc/d84/group__core__basic.html#ga599fe92e910c027be274233eccad7beb

[1] Mat - The Basic Image Container (3)

modot Y E
Mat O|2(7t=237|, M= 37|, H[O|& EtR/AZ = =7|%);

Mat M(2,2, CV_8UC3, Scalar(0,0,255));
cout << "M =" << endl << "" << M << endl << endl

A
=

02

A1t
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[1] Mat - The Basic Image Container (3)

m OOy EfE

CV_8U : 8-bit unsigned integer: uchar ( 0..255)

CV_8S : 8-bit signed integer: schar ( -128..127)

CV_16U : 16-bit unsigned integer: ushort ( 0..65535)

CV_16S : 16-bit signed integer: short ( -32768..32767 )

CV_32S : 32-bit signed integer: int ( -2147483648..2147483647 )

CV_32F : 32-bit floating-point number: float ( -FLT_MAX..FLT_MAX, INF, NAN )
CV_64F : 64-bit floating-point number: double ( -DBL_MAX..DBL_MAX, INF, NAN )

B CrsAHE EFR(Multi-channel (n-channel) types)

CV_8UC=X} : ==Xt &' 2| 8-bit unsigned integer: uchar ( 0.255 ) X2 374
CV_8SCxX} : ==Xt X{ 2 9| 8-bit signed integer: schar ( -128..127 )
CV_16UCxX} : ==X} X 22| 16-bit unsigned integer: ushort ( 0..65535 )
CV_16SCxX} : Axf XH = 9| 16-bit signed integer: short ( -32768..32767 )
CV_32SC=xX} : ==X} X' 2| 32-bit signed integer: int ( -2147483648..2147483647 )
CV_32FCxX} - *Xr X2 2| 32-bit floating-point number: float ( -FLT_MAX..FLT_MAX, INF, NAN )
CV_64FCXX} : ==Xt X{ 2 9| 64-bit floating-point number: double
( -DBL_MAX..DBL_MAX, INF, NAN )
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Al A,
=d.

[2] 2t& & X 2|(pixel point processing) &

B OpenCV4.1.1 (over 2.xx)0ll A 2t (pixel) 2 H
= 3 channels (RGB Z'2{ ¥4h

Mat img = imread(filename)

Vec3b intensity = img.at<Vec3b>(y, x);

uchar blue = intensity.val[0];

uchar green = intensity.val[1]:

uchar red = intensity.val[2];

CC

L—
4T

Mat img = imread(filename)

uchar blue = img.at<Vec3b>(y, x)[0];
uchar green = img.at<Vec3b>(y, X)[1];
uchar red = img.at<Vec3b>(y, x)[2];

cviVec3b= M| 7HS| unsigned char! = E
- image.at<cv::Vec3b>(j ,i)[channel] = value; // channel2 M| 7§ ZH2{ X2 5 '6'H-I'
- Vec3b2| b byteE 2|0|3t1, shortl s, int2| i, float2| f double2| d7t 7ts

24/53
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[2] 2t& # X 2| (pixel point processing)

m BN SEAZNS> 255-S K| AL

int main(int argc, char** argv) {
//--OpenCV 4x 7+ --//
Mat image, result;

image = imread("Desert.omp"”, IMREAD_COLOR); // Read the file
result = image.clone();

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:endl;
return -1;

}

Al
=

. g

namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.

imshow("Display window", image); // Show our image inside it.
//-- 1) pixel by pixel 2t F& Mo -/
for (int i=0; i<image.rows; i++){
for (int j=0; j<image.cols ; j++){
result.at<Vec3b>(i,j)[0] = 255-image.at<Vec3b>(ij)[0];
result.at<Vec3b>(i,j)[1] = 255-image.at<Vec3b>(ij)[1];
result.at<Vec3b>(i,j)[2] = 255-image.at<Vec3b>(ij)[2];

}

namedWindow("Processed image"); // Create a window for display.
imshow("Processed image", result);// Show our image inside it.

waitKey(0); // Wait for a keystroke in the window

destroyAllWindows();

return O;

} 25/53
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[2] 2t& ® X 2|(pixel point processing
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Processed image
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[3] Open CV APIs: Mat x data structure

B Mat x = imread("Y I 0|Z", color flag);

y = x.clone(): copy image x and make new matrix image .

x.empty() : Returns true if the array has no elements.

Mat y=ones (int rows, int cols, int type): Returns an array of all 1's of the
specified size and type.

Mat y=zeros (int rows, int cols, int type): Returns an array of all 0's of the specified

size and type.
x.depth() : Returns the depth (color band) of a matrix element.

x.cols : the number of columns
X.FOWS : the number of rows
x.copyTo(OutputArray m): Copies the matrix x to another one.
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[3] Open CV APIs: Mat x=imread()

¥ imread("® I} O|F", color flag)
= Creates a window
mALSE
= Mat img = imread("Y &1} 0|&", color flag)
= Mat cv:iimread (const String &filename, int flags=IMREAD_COLOR)

finename — Name of the input image file.
Color flags — Flags of the color or grayscale. The supported flags are:

e cv:IMREAD UNCHANGED = -1,

cv:IMREAD GRAYSCALE = 0,
cv:IMREAD COLOR = 1,
cv:IMREAD ANYDEPTH = 2,
cv:IMREAD ANYCOLOR = 4,

Parameters: cv:IMREAD LOAD GDAL = 8,
cv:IMREAD REDUCED GRAYSCALE 2 = 16,
cv:IMREAD REDUCED COLOR 2 = 17,
cv:IMREAD REDUCED GRAYSCALE 4 = 32,
cv:IMREAD REDUCED COLOR 4 = 33,
cv:IMREAD REDUCED GRAYSCALE 8 = 64,
cv:IMREAD REDUCED COLOR 8 = 65,

cv::IMREAD IGNORE ORIENTATION = 128.
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https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80aeddd67043ed0df14f9d9a4e66d2b0708
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80ae29981cfc153d3b0cef5c0daeedd2125
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80af660544735200cbe942eea09232eb822
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a0b486c93c25e8a0b0712681bb7254c18
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80ab6573b69300c092b61800222fe555953
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a1b482916f4ffe34f0b90550f267fd896
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a64063c4e6a917237bd2daef7aa23dc01
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a4d3de7230e2682195e09b00728792b37
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a7903236181de9ade28ba1438b342e6c8
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80adf4fbfe43fb7c8c94ca008e7d7d20086
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a838097893b5d5385d43e6a4470227a33
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80ac865811dba56b17a8241f9e62c273198
https://docs.opencv.org/3.4/d4/da8/group__imgcodecs.html#gga61d9b0126a3e57d9277ac48327799c80a34f91a514cd95127d8ba900840af548e

[3] Open CV APIs: namedWindow()

B namedWindow("&l =% O|&" size flag)
= Creates a window
u AEHE

= void namedWindow(const string& winname, int flags=WINDOW_AUTOSIZE )

‘name — Name of the window in the window caption that may be used
as a window identifier.
-flags — Flags of the window. The supported flags are:
« WINDOW_NORMAL If this is set, the user can resize the windo
w (no constraint).
« WINDOW_AUTOSIZE If this is set, the window size is automatic
ally adjusted to fit the displayed image (see imshow() ), and yo
u cannot change the window size manually.

« WINDOW _OPENGL If this is set, the window will be created wit
h OpenGL support.

Parameters:

29/53


http://docs.opencv.org/2.4/modules/highgui/doc/user_interface.htmlvoid imshow(const string& winname, InputArray mat)

[3] Open CV APIs: imshow()/destroyAllWindows

B imshow("®#l =% 0|5 G400l H )
= Displays an image in the specified window
" AR

= void imshow(const string& winname, InputArray mat)

« winname — Name of the window.

Parameters: .
« image — Image to be shown.

m destroyAllWindows
= Destroys all of the HighGUI windows.
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[3] Open CV APIs: waitkEY() - & &

® waitkey(n)gf =
= n msec.Bt& &°

m AEHE

o| 7

= Char ch = waitKey(10);

= If(ch == 27) break;
= If(ch == 32)

= waitkey() EE= waitkey(0)

=g o7z

[ot

// 10ms&¢2t == CH7|
// 27 == ESC key
// 32 == SPACE key

). 7| UMK 2Bk Oy 7| T

31/53
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[3] Open CV APIs: Data class <Vec3b>

m <cv:Vec3b/s/i/f/d>

= Set 3-dim vector of each position (x, y) or (x ,y, z) as date type is b=byte, s=short,
i=integer, f=float and d=double types.

B at() api (cvi:Mat::at<data type>(pointer of location))

= Returns a reference (value) to the specified array element.

Mat H(100, 100, CV 64Fr);
for(int 1 = 0; 1 < H.rows; 1++)
for(int 3 = 0; jJ < H.cols; j++)
H.at<double>(i,j)=1./(i+j+1);

«If matrix is of type CV_8U then use Mat.at<uchar>(y,x).
*If matrix is of type CV_8S then use Mat.at<schar>(y,x).
oIf matrix is of type CV_16U then use Mat.at<ushort>(y,x).
oIf matrix is of type CV_16S then use Mat.at<short>(y,x).
oIf matrix is of type CV_32S then use Mat.at<int>(y,x).

oIf matrix is of type CV_32F then use Mat.at<float>(y,Xx).
oIf matrix is of type CV_64F then use Mat.at<double>(y,x).
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[4] 2t& B X E|(pixel point processing)d&: M4 Ha}

m MAF B}

10O -

double alpha; /**< Simple contrast control */

int beta; /**< Simple brightness control */

int main( int argc, char** argv ) {
/// Read image given by user
Mat image = imread( argv[1] );
Mat new_image = Mat::zeros( image.size(), image.type() );
/// Initialize values
std::cout< <" Basic Linear Transforms "< <std:endl;
stdicout< <"----mmmmmmmm "< <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(ij) + beta
for(inty = 0; y < image.rows; y++ ) {
for(int x = 0; x < image.cols; x++ ) {
for(intc=0;c < 3;c++ ) {
new_image.at<Vec3b>(y,x)[c] = saturate_cast<uchar>( alpha*( image.at<Vec3b>(y,x)[c] ) + beta );
}
}
}
/// Create Windows
namedWindow("Original Image", 1);
namedWindow("New Image", 1);
/// Show stuff
imshow("Original Image", image);
imshow("New Image", new_image);

/// Wait until user press some key
waitKey();
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[5] 2t& ™ X 2| (pixel point processing)
m O[%lst
= 7|I2He 2 FoS 27el E¥ez EYdte A

//-- 3)84 O|Flet -y
std::cout<<"* Enter threshold value [0~255]: ;
std::cin>>Thres;

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

if (image.at<Vec3b>(ij)[0]>Thres){
result.at<Vec3b>(i,j)[0] =255;

}elsef
result.at<Vec3b>(i,j)[0] =0;

}

if (image.at<Vec3b>(ij)[1]>Thres){
result.at<Vec3b>(ij)[1] =255;

}elsef
result.at<Vec3b>(i,j)[1] =0;

}

if (image.at<Vec3b>(ij)[2]>Thres){
result.at<Vec3b>(i,j)[2] =255;

}elsef
result.at<Vec3b>(i,j)[2] =0;

}

namedWindow("Processed image"); // Create a window for display.
imshow("Processed image", result);// Show our image inside it.
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[6] k2 ™ X 2| (pixel point processing)& &: Z0F E7

m O
int main(int argc, char** argv) {

/// Read image given by user
Mat src = imread(argv[1]);

Mat dst = Mat(src.rows, src.cols, CV_8UC1);
cvtColor(src, src, COLOR_BGR2GRAY);
dst = Scalar(0);

cout << " Basic Linear Transforms: Gamma correction " << std::endl;
std:cout << M-mmmmmmmmmmmm " << std:endl;

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

std::cin >> gamma;

for (int x = 0; x < src.rows; x++) {

for (inty = 0; y < src.cols; y++) {
int pixelValue = (int)src.at<uchar>(x, y);

dst.at<uchar>(x, y) = pow(pixelValue, gamma);

}
}

namedWindow("Input”, 1);
namedWindow("Output”, 1);

imshow("Input”, src);
imshow("Output”, dst);

waitKey(0);
return O;
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[7] 2t& 8 X 2|(pixel point processing)& &
S M A
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m 0K ZEQO| O|d|
void salt(Mat &img, int n); // &S =7 gt M4 A

int main(int argc, char** argv)

{

//--OpenCV 2.x 7+&?%o --//
Mat image, result;

image = imread("test.jpg", IMREAD_COLOR); // Read the file

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:endl;
return -1;

}

namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.

imshow("Display window", image ); // Show our image inside it.

result = image.clone();
salt(result, 3000);

namedWindow("Processed |mage "); // Create a window for display.
imshow("Processed image", result);// Show our image inside it.

waitKey(0); // Wait for a keystroke in the window
destroyAllWindows();

return O;
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[7] 2t& 8™ X 2|(pixel point processing)& &: Salt-Pepper®t
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void salt(Mat &img, int n)
{
for (int k=0; k<n ; k++){
int i= rand()%img.cols;
int j= rand()%img.rows;

if (img.channels()==1){ // Gray scale image
img.at<uchar>(j,i) = 255;
telse if (img.channels()==3){ // Color image

img.at<Vec3b>(j,i)[0] = 255;
img.at<Vec3b>(j,i)[1] = 255;
img.at<Vec3b>(j,i)[2] = 255;
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[7] 2t& 8™ X 2|(pixel point processing)& &: Salt-Pepper®t
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[8] k& ™ X 2| (pixel point processing)&&: Z2] reduction

Ot

m 512 (Piel) H2|S Qe 22| CO|EK2| 7|2 A

= Pointer A2

-

uchar *data = image.ptr<uchar>());

= |terator AFE

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

int B= image.at<Vec3b>(j,i)[0];
int G = image.at<Vec3b>(j,i)[1];
int R = image.at<Vec3b>(j,i)[2];
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[8] k& ™ X 2| (pixel point processing)&&: Z2] reduction

B Color Posterizing (quantization)

= 256712 Z21E Belol N7l Z22{E89Y Bde= Het

~~ A~

//--OpenCV 2.x T+&?%io0 --//
Mat image, result;

image = imread("test.jpg"”, IMREAD_COLOR); // Read the file

if (image.empty()){ // Check for invalid input
cout << "Could not open or find the image" << std:endl;
return -1;

}
namedWindow("Display window", WINDOW_AUTOSIZE); // Create a window for display.
imshow("Display window", image ); // Show our image inside it.

result = image.clone();
colorReduce(result, 64);

namedWindow("Processed image"); // Create a window for display.
imshow("Processed image", result);// Show our image inside it.

waitKey(0);

~~ A~
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[8] k& ™ X 2| (pixel point processing)&&: Z2] reduction

= A = A gt 713 pointer2 79 Al

void colorReduce(Mat &image, int div){
int nl = image.rows;//& 71+
int nc = image.cols*image.channels();//Z 2| G| O|E 7l

for (int j=0; j<nl ; j++){
//-- 88l T4 (nc WS 7HH 7| --//
uchar *data = image.ptr<uchar>(j);

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

/]2 Bpagh 28y

data[i]/div¥div + div/2;
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[8] k& ™ X 2| (pixel point processing)&&: Z2] reduction
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void colorReduce1(Mat &image, int div){

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

//BE Bt 23| //

for (; it'=itend ; ++it){
//--- FHE 2t K E|---//
(*it)[0] = (*it)[0]/div*div + div/2;
*it)[1] = *iv)[1]/div*div + div/2;
(*it)[2] = (*iY)[2]/div*div + div/2;
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[8] k& ™ X 2| (pixel point processing)&&: Z2] reduction

m ZE =4 A at HIAER FH A
void colorReduce2(Mat &image, int div){

int nl = image.rows;//& 7§
int nc = image.cols; //€ 7+

//RE 2t R3] //
for (int j=0; j<nl ; j++){
for (int i=0; i<nc ; i++){
//---4 =t HE|--//
image.at<Vec3b>(j,))[0] = image.at<Vec3b>(},i)[0]/div*div + div/2;
image.at<Vec3b>(j,i))[1] = image.at<Vec3b>(j,i)[1]/div:div + div/2;
image.at<Vec3b>(j,i)[2] = image.at<Vec3b>(},i)[2]/div*div + div/2;
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[8] OpenCV 4.10| A &3l A|ZF S7: cvigetTickCount() &
P

m getTickCount()

= Returns the number of ticks (clocks)
= Int64 getTickCount()

W getTickFrequency()

= Returns the number of ticks per second.

= double getTickFrequency()
V2 AL E

double t = (double)getTickCount();
// do something ...
t = ((double)getTickCount() - t)/getTickFrequency();
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[8] OpenCV 4.10{| M &3l A[ZF =7: cv::getThickCount() B

m AN AL IE 0|8 (main &= LJO)

~N A~~~

result = image.clone();

resultl = image.clone();

result2 = image.clone();

//salt(result, 3000);

t = getTickCount();

colorReduce(result, 64);

t = ((double)getTickCount() - t)/getTickFrequency();

t1 = getTickCount();
colorReduce1(result, 64);
t1 = ((double)getTickCount() - t1)/getTickFrequency();

t2 = getTickCount();
colorReduce2(result, 64);
t2 = ((double)getTickCount() - t2)/getTickFrequency();

cout << "T (ms) =" << t << std:end];
cout << "T1 (ms) = " << t1 << std:end];
cout << "T2 (ms) = " << t2 << std:end];

~N A~~~
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[8] OpenCV 3.00{|AM A3 A[ZF Z78: cvi:getThickCount() &+

m 2N A 2k for & 20 MHE X2 £k H|d

= ' Display window O X |
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ZEOIE| AF2: T (ms) = 0.00305739
IteratorAl2: T1 (ms) = 0.0739762
3AE 22 AHE: T2 (ms) = 0.125104
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OpenCV1.x G&HO|E <--> OpenCV4.x B 0|E

® Iplimage * 2 cvi:Mat Bzt
P g
= Mat Mat_img = cvarrToMat(lplimage_img);
= Mat Mat_img(lpllmage_img);

® Cv:Mat > Iplimage * #Hgt

= Iplimage *Iplimage_img = new Iplimage(Mat_img);
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