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2.2 æŸ¿çd’žåŻ¿åČŔïijĹcv::namedWindos äÿŐcv::imshowïijL’ . . . . . . . . . . . 2
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5.4 CannyçőŮæşŢ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
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6.2 æĺąæİ£åŇźéĚ çŤĺåĹřçŽĎçőŮæşŢ . . . . . . . . . . . . . . . . . . . . . . . . 29
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CHAPTER 1

OpenCVåÿÿçŤĺæŞ ä¡IJ

1.1 èŐůåŔŰæL’ğèąŇæŮűéŮt’

getTickCount()ïijŽçŤĺäžŐè£ŤåŻd̄äżŐæŞ ä¡IJçşżçż§åŘŕåŁĺåĹřå¡ŞåL’ æL’ĂçżŔçŽĎèőąæŮűåŚĺæIJ§æŢř

getTickFrequency()ïijŽçŤĺäžŐè£ŤåŻd̄CPUçŽĎéćŚçŐĞãĂĆget Tick Frequen-
cyãĂĆè£ŹéĞŇçŽĎå Ţä¡ æŸŕçğŠïijŇäź§åřśæŸŕäÿĂçğŠåĘĚéĞ åd’ çŽĎæňąæŢřãĂĆ

double t = getTickCount();
Mat kernal = (Mat_<char>(3, 3) << 0, -1, 0,

-1,
→˓5, -1,

0, -1,
→˓0);
filter2D(src, dst, src.depth(), kernal);
double timecousume = (getTickCount() - t) / getTickFrequency();
printf("time consume %.3f", timecousume);

è£ŹéĞŇæŸŕåŕźç§l’éŸţæŐl’èĘIJæŞ ä¡IJçŽĎäÿĂäÿłæŮűéŮt’çż§èőąïijŇåĚűäÿ srcåŠŇdstéČ¡æŸŕäźŃåL’ åőŽäźL’çŤĺMatåŕźèśąåőŽäźL’çŽĎãĂĆ
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CHAPTER 2

åŕźåŻ¿åČŔçŽĎå§žæIJňæŞ ä¡IJ

2.1 åŁăè¡¡ãĂĄä£őæŤźåŠŇä£İå ŸåŻ¿åČŔ

2.1.1 åŁăè¡¡åŻ¿åČŔïijĹcv::imreadïijL’

imreadåŁ§èČ¡æŸŕåŁăè¡¡åŻ¿åČŔæŰĞäżűæĹŘäÿžäÿĂäÿłMatåŕźèśąïijŇåĚűäÿ çňňäÿĂäÿłåŔĆæŢřèąĺçd’žåŻ¿åČŔæŰĞäżűåŘ çğř

çňňäžŇäÿłåŔĆæŢřïijŇèąĺçd’žåŁăè¡¡çŽĎåŻ¿åČŔæŸŕäżĂäźĹçśżåd̄ŃïijŇæŤŕæŇĄåÿÿèğĄçŽĎäÿL’äÿłåŔĆæŢřåĂijïijŽ

• IMREAD_UNCHANGED (<0) èąĺçd’žåŁăè¡¡åŐ§åŻ¿ïijŇäÿ åĄŽäżżä¡ŢæŤźåŔŸ

• IMREAD_GRAYSCALE ( 0)èąĺçd’žæŁŁåŐ§åŻ¿ä¡IJäÿžçĄřåžęåŻ¿åČŔåŁăè¡¡è£Żæİě

• IMREAD_COLOR (>0) èąĺçd’žæŁŁåŐ§åŻ¿ä¡IJäÿžRGBåŻ¿åČŔåŁăè¡¡è£Żæİě

æşĺæĎŔïijŽOpenCVæŤŕæŇĄJPGãĂĄPNGãĂĄTIFFç L’åÿÿèğĄæăijåijŔåŻ¿åČŔæŰĞäżűåŁăè¡¡

2.2 æŸ¿çd’žåŻ¿åČŔïijĹcv::namedWindos
äÿŐcv::imshowïijL’

namedWindosåŁ§èČ¡æŸŕåĹŻåżžäÿĂäÿłOpenCVçłŮåŔčïijŇåőČæŸŕçŤśOpenCVèĞłåŁĺåĹŻåżžäÿŐéĞŁæŤ¿ïijŇä¡ăæŮăéIJĂåŔŰéŤĂæŕĄåőČ

åÿÿèğĄçŤĺæşŢnamedWindow(âĂIJWindow TitleâĂİ, WINDOW_AUTOSIZE)

• WINDOW_AUTOSIZEäijŽèĞłåŁĺæăźæ őåŻ¿åČŔåd’ğåřŔïijŇæŸ¿çd’žçłŮåŔčåd’ğåřŔïijŇäÿ èČ¡äžžäÿžæŤźåŔŸçłŮåŔčåd’ğåřŔ

• WINDOW_NORMAL,èů§QTéŻĘæĹŘçŽĎæŮűåĂŹäijŽä¡£çŤĺïijŇåĚĄèőÿä£őæŤźçłŮåŔčåd’ğåřŔ

imshowæăźæ őçłŮåŔčåŘ çğřæŸ¿çd’žåŻ¿åČŔåĹřæŇĞåőŽçŽĎçłŮåŔčäÿŁåŐżïijŇçňňäÿĂäÿłåŔĆæŢřæŸŕçłŮåŔčåŘ çğřïijŇçňňäžŇåŔĆæŢřæŸŕMatåŕźèśą
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2.2.1 ä£őæŤźåŻ¿åČŔïijĹcv::cvtColorïijL’

cvtColorçŽĎåŁ§èČ¡æŸŕæŁŁåŻ¿åČŔäżŐäÿĂäÿłå¡l’èL’šçl’žéŮt’è¡ňæ ćåĹřåŔęåd’ŰäÿĂäÿłèL’šå¡l’çl’žéŮt’ïijŇæIJL’äÿL’äÿłåŔĆæŢřïijŇçňňäÿĂäÿłåŔĆæŢřèąĺçd’žæžŘåŻ¿åČŔãĂĄçňňäžŇåŔĆæŢřèąĺçd’žèL’šå¡l’çl’žéŮt’è¡ňæ ćäźŃåŘŐçŽĎåŻ¿åČŔãĂĄçňňäÿL’äÿłåŔĆæŢřèąĺçd’žæžŘåŠŇçŻőæăĞèL’šå¡l’çl’žéŮt’åęĆïijŽCOLOR_BGR2HLS
ãĂĄCOLOR_BGR2GRAYç L’

cvtColor( image, gray_image, COLOR_BGR2GRAY );

2.2.2 ä£İå ŸåŻ¿åČŔïijĹcv::imwriteïijL’

ä£İå ŸåŻ¿åČŔæŰĞäżűåĹřæŇĞåőŽçŻőå¡Ţèůŕå¿Ď

åŔłæIJL’8ä¡ ãĂĄ16ä¡ çŽĎPNGãĂĄJPGãĂĄTiffæŰĞäżűæăijåijŔèĂŇäÿŤæŸŕå ŢéĂŽéĄŞæĹŰèĂĚäÿL’éĂŽéĄŞçŽĎBGRçŽĎåŻ¿åČŔæL’ åŔŕäżěéĂŽè£Ğè£Źçğ æŰźåijŔä£İå Ÿ

ä£İå ŸPNGæăijåijŔçŽĎæŮűåĂŹåŔŕäżěä£İå ŸéĂŔæŸŐéĂŽéĄŞçŽĎåŻ¿çL’Ğ

åŔŕäżěæŇĞåőŽåŐŃçijl’åŔĆæŢř

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

using namespace cv;

int main(int argc, char** argv) {
Mat src = imread("D:/1.jpg");
if (src.empty()) {

printf("Could not load image...\n");
return -1;

}

namedWindow("test opencv setup", CV_WINDOW_AUTOSIZE);
imshow("test opencv setup", src);

namedWindow("output windows", CV_WINDOW_AUTOSIZE); //
→˓èĞłåŁĺå¡ćåijŔåŻ¿åČŔåd’ğåřŔïijŇèĂŇäÿŤäÿ åŔŕæŤźåŔŸ

Mat output_image;
cvtColor(src, output_image, CV_BGR2HLS);
imshow("output windows", output_image);

imwrite("D:/2.png", output_image);

waitKey(0);
return 0;

}

2.3 Matåŕźèśą

MatåŕźèśąOpenCV2.0äźŃåŘŐåijŢè£ŻçŽĎåŻ¿åČŔæŢřæ őçżŞæd̄ĎãĂĄèĞłåŁĺåĹĘéĚ åĘĚå ŸãĂĄäÿ å ŸåIJĺåĘĚå ŸæşĎæijŔçŽĎéŮőéćŸïijŇæŸŕéİćåŘŚåŕźèśąçŽĎæŢřæ őçżŞæd̄ĎãĂĆMatçŽĎäÿżèęĄä¡IJçŤĺæŸŕæŞ ä¡IJåŻ¿åČŔåŠŇç§l’éŸţãĂĆMatåŕźèśąçŤĺæİěå ŸåĆĺåŻ¿åČŔç§l’éŸţçŽĎåŘĎçğ ä£ąæĄŕãĂĆïijĹåd’ğåřŔãĂĄåĂijãĂĄæŢřå ŮéĂŽéĄŞç L’ïijL’

2.3. Matåŕźèśą 3
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cv::MatåĹĘäÿžäÿd’äÿłéČĺåĹĘïijŇåd’t’éČĺäÿŐæŢřæ őéČĺåĹĘãĂĆåd’t’éČĺåŇĚåŘńäžĘç§l’éŸţçŽĎæL’ĂæIJL’çŻÿåĚşä£ąæĄŕïijĹåd’ğåřŔãĂĄéĂŽéĄŞæŢřéĞŔãĂĄæŢřæ őçśżåd̄Ńç L’ïijL’ãĂĆåd’t’éČĺæIJL’äÿĂäÿłæŇĞåŘŚæŢřæ őåİŮçŽĎæŇĞéŠĹïijŇå şdataåśd̄æĂğïijŇäź§åřśæŸŕæĹŚäżňæIJL’æŸŐçąőèęĄæśĆçŽĎæŮűåĂŹïijŇåĘĚå ŸåİŮæL’ äijŽèćńåd’ åĹűãĂĆåőd̄éŹĚäÿŁïijŇåd’ğåd’ŽæŢřæŞ ä¡IJäżĚäżĚåd’ åĹűäžĘcv::MatçŽĎåd’t’éČĺïijŇåŻăæ d’åd’ŽäÿłåŕźèśąäijŽæŇĞåŘŚåŘŇäÿĂäÿłæŢřæ őåİŮãĂĆè£Źçğ åĘĚå ŸçőąçŘĘæĺąåijŔåŔŕäżěæŔŘéńŸåžŤçŤĺçĺŃåžŔè£ŘèąŇæŢĹçŐĞïijŇéĄ£åĚ åĘĚå ŸæşĎéIJšãĂĆ

æŢřæ őåİŮåŇĚåŘńäžĘåŻ¿åČŔäÿ æL’ĂæIJL’åČŔçt’ăçŽĎåĂijãĂĆ

2.3.1 Matåŕźèśąæd̄ĎéĂăåĞ¡æŢřäÿŐåÿÿçŤĺæŰźæşŢ

åÿÿçŤĺæd̄ĎéĂăåĞ¡æŢř

image

æIJĂäÿżèęĄçŽĎæŸŕåL’ éİćäÿd’äÿL’äÿłïijŇåÿÿçŤĺãĂĆ

åÿÿçŤĺæŰźæşŢ

• Mat clone()ïijŽåőŇåĚĺæŃůèt’İ éęŰåĚĹsrcéĂŽè£ĞimreadèŕżåŔŰäÿĂåijăåŻ¿åČŔïijŇæŐěäÿŃæİěïijŽ

Mat dst = src.clone();
imshow("output", dst);

åřśäijŽåőŇåĚĺåĚŃéŽĘäÿĂåijăäÿĂæĺąäÿĂæăůçŽĎåŻ¿åČŔãĂĆ

• void copyTo(Mat mat)ïijŽåőŇåĚĺæŃůèt’İ

Mat dst;
src.copyTo(dst);
imshow("output", dst);

éČĺåĹĘåd’ åĹűäÿĂèĹňæČĚåĘţäÿŃåŔłäijŽåd’ åĹűMatåŕźèśąçŽĎåd’t’åŠŇæŇĞéŠĹéČĺåĹĘïijŇäÿ äijŽåd’ åĹűæŢřæ őéČĺåĹĘãĂĆæŕŤåęĆäÿŃéİćæČĚåĘţïijŽ

Mat A= imread(imgFilePath);
Mat B(A);

åőŇåĚĺåd’ åĹűåęĆæd̄IJæČşæŁŁMatåŕźèśąçŽĎåd’t’éČĺåŠŇæŢřæ őéČĺåĹĘäÿĂèţůåd’ åĹűïijŇåŔŕäżěéĂŽè£ĞäÿŁéİćäÿd’äÿłAPIåőd̄çŐřïijŇå ş

Mat F = A.clone(); ǽLŰ Mat G; A.copyTo(G);

• void convertTo(Mat dst, int type)ïijŽçŤĺäžŐè£ŻèąŇæŢřæ őçśżåd̄Ńè¡ňæ ć

•
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OpenCV, åŔŚåÿČ 1.0

åęĆæŁŁCV_8UC1è¡ňæ ćåĹřCV32F1åőd̄çŐřåęĆäÿŃïijŽ

src.convertTo(dst, CV_32F);

• int channels()ïijŽæ§ěçIJŃåŻ¿åČŔéĂŽéĄŞæČĚåĘţ

Mat dst;
cvtColor(src, dst, CV_BGR2GRAY);
printf("input image channels : %d\n", src.channels());
printf("output image channels : %d", dst.channels());
imshow("output", dst);

åŔŕäżěåŔŚçŐřåŔŸæĹŘçĄřåžęåŻ¿åČŔäźŃåŘŐè¿ŞåĞžéĂŽéĄŞæŢřåŔŸäÿž1

• uchar* ptr(i=0)ïijŽèŐůåŔŰåŻ¿çL’ĞåČŔçt’ăåĚůä¡ŞåĂijïijŇièąĺçd’žèąŇæŢř

Mat dst;
cvtColor(src, dst, CV_BGR2GRAY);
const uchar *firstRow = dst.ptr<uchar>(0);
printf("first pixel value : %d", *firstRow);
imshow("output", dst);

è£ŹæăůæĹŚäżňåřśåŔŕäżěèŐůåŔŰçňňäÿĂèąŇçňňäÿĂäÿłåČŔçt’ăçŽĎçĄřåžęåĂijä£ąæĄŕäžĘãĂĆ

• .cols, .rowsïijŽèŐůåŔŰèąŇæŢřåŠŇåĹŮæŢř

Mat dst;
cvtColor(src, dst, CV_BGR2GRAY);
int cols = dst.cols;
int rows = dst.rows;
printf("rows = %d cols = %d", rows, cols);
imshow("output", dst);

æd̄ĎéĂăåĞ¡æŢřçżğçż äÿ¿ä¿Ń(MatåŕźèśąåĹŻåżž)

åęĆæd̄IJæŸŕäÿL’äÿłéĂŽéĄŞïijŽ

Mat M(3, 3, CV_8UC3, Scalar(0, 0, 255)); //
→˓scaleèęĄåŠŇéĂŽéĄŞæŢřçŻőäÿĂèĞt’
cout << "M:" << endl << M << endl;

åĚűäÿ åL’ äÿd’äÿłåŔĆæŢřåĹĘåĹńèąĺçd’žèąŇ(row)èů§åĹŮ(column)ãĂĄçňňäÿL’äÿłCV_8UC3äÿ çŽĎ8èąĺçd’žæŕŔäÿłéĂŽéĄŞå ă8ä¡ ãĂĄUèąĺçd’žæŮăçňęåŔůãĂĄCèąĺçd’žCharçśżåd̄ŃãĂĄ3èąĺçd’žéĂŽéĄŞæŢřçŻőæŸŕ3ïijŇçňňåŻŻäÿłåŔĆæŢřæŸŕåŘŚéĞŔèąĺçd’žåĹİåğŃåŇŰæŕŔäÿłåČŔçt’ăåĂijæŸŕåd’ŽåřŚïijŇåŘŚéĞŔéŢ£åžęåŕźåžŤéĂŽéĄŞæŢřçŻőäÿĂèĞt’

ScalarçżŹæŕŔäÿĂäÿłéĂŽéĄŞèţŃäÿĂäÿłåĂijïijŇçňňäÿĂäÿłåŠŇçňňäžŇäÿłéĂŽéĄŞçŽĎåĂijåĚĺéČĺéČ¡æŸŕ0ïijŇçňňäÿL’äÿłéĂŽéĄŞçŽĎåĂijæŸŕ255ãĂĆ

[ 0, 0, 255, 0, 0, 255, 0, 0, 255;
0, 0, 255, 0, 0, 255, 0, 0, 255;
0, 0, 255, 0, 0, 255, 0, 0, 255]

åęĆæd̄IJåŔŸæĹŘäžĘäÿĂäÿłéĂŽéĄŞïijŽ
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Mat M(100, 100, CV_8UC1, Scalar(127)); //
→˓scaleèęĄåŠŇéĂŽéĄŞæŢřçŻőäÿĂèĞt’

creatåĹŻåżžåŕźèśą

Mat m1;
m1.create(src.size(), src.type());
m1 = Scalar(0, 0, 255);
imshow("output", m1);

éŻűåĹİåğŃåŇŰ

Mat m2 = Mat::eye(2, 2, CV_8UC1);
cout << "m2 = " << endl << m2 << endl;

2.4 åŕźåČŔçt’ăçŽĎæŞ ä¡IJ

2.4.1 èŕżåĘŹåČŔçt’ă

èŕżåĘŹå ŢéĂŽéĄŞåČŔçt’ă

• èŕżäÿĂäÿłGRAYåČŔçt’ăçĆźçŽĎåČŔçt’ăåĂijïijĹCV_8UC1ïijL’

Scalar intensity = img.at<uchar>(y, x);
//ǽLŰèĂĚ
Scalar intensity = img.at<uchar>(Point(x, y));

åĚůä¡ŞäżčçăĄïijŽ

//å ŢéĂŽéĄŞ
Mat gray_src;
cvtColor(src, gray_src, CV_BGR2GRAY);
int height = gray_src.rows;
int width = gray_src.cols;
for (int row = 0; row < height; row++) {

for (int col = 0; col < width; col++) {
int gray = gray_src.at<uchar>(row, col);
gray_src.at<uchar>(row, col) = 255 - gray;

}
}
imshow("output", gray_src);

è£ŹäÿłäżčçăĄåőd̄çŐřæŕŔäÿłåČŔçt’ăçŽĎåČŔçt’ăåĂijå¿Ůç£żè¡ňæŞ ä¡IJãĂĆ
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èŕżåĘŹäÿL’éĂŽéĄŞåČŔçt’ă

Vec3f intensity = img.at<Vec3f>(y, x);
float blue = intensity.val[0];
float green = intensity.val[1];
float red = intensity.val[2];

Vec3båŕźåžŤäÿL’éĂŽéĄŞçŽĎéąžåžŔæŸŕblueãĂĄgreenãĂĄredçŽĎucharçśżåd̄ŃæŢřæ őãĂĆ

Vec3fåŕźåžŤäÿL’éĂŽéĄŞçŽĎfloatçśżåd̄ŃæŢřæ ő

åĚůä¡ŞäżčçăĄåęĆäÿŃïijŽ

//äÿL’éĂŽéĄŞ
Mat dst;
dst.create(src.size(), src.type());
int height = src.rows;
int width = src.cols;
int nc = src.channels();

for (int row = 0; row < height; row++) {
for (int col = 0; col < width; col++) {

if (nc == 1) //
→˓åęĆæd̄IJæŸŕå ŢéĂŽéĄŞïijŇæŇL’çĚğåŐ§åĚ́LçŽĎæŰźåijŔè£ŻèąŇåd’ĎçŘĘ

{
int gray = dst.at<uchar>(row, col);
dst.at<uchar>(row, col) = 255 -

→˓gray;
}
else if (nc == 3) //åęĆæd̄IJæŸŕäÿL’éĂŽéĄŞ
{

int b = dst.at<Vec3b>(row, col)[0];
int g = dst.at<Vec3b>(row, col)[1];
int r = dst.at<Vec3b>(row, col)[2];
dst.at<Vec3b>(row, col)[0] = 255 -

→˓b;
dst.at<Vec3b>(row, col)[1] = 255 -

→˓g;
dst.at<Vec3b>(row, col)[2] = 255 -

→˓r;
}

}
}

å¡ŞçĎűïijŇæIJL’æŻt’äÿžçőĂå ŢçŽĎæŞ ä¡IJïijŇçŤĺäžŐåőd̄çŐřåŻ¿åČŔåČŔçt’ă255 -
pixel

//äÿL’éĂŽéĄŞ
Mat dst;
dst.create(src.size(), src.type());

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

bitwise_not(src, dst);

bitwiseæŸŕä¡ æŞ ä¡IJïijŇnotæŸŕéİd̄æŞ ä¡IJãĂĆäź§åřśæŸŕ1åŔŸæĹŘ0,0åŔŸæĹŘ1ãĂĆ

2.4. åŕźåČŔçt’ăçŽĎæŞ ä¡IJ 8



CHAPTER 3

åd’ĎçŘĘåŻ¿åČŔçŽĎåÿÿçŤĺæŰźæşŢ

3.1 ç§l’éŸţæŐl’èĘIJæŞ ä¡IJ

æL’ĂèřŞæŐl’èĘIJåĚűåőd̄åřśæŸŕäÿĂäÿłç§l’éŸţïijŇçĎűåŘŐæăźæ őè£Źäÿłç§l’éŸţéĞ æŰřèőąçőŮåŻ¿çL’Ğäÿ åČŔçt’ăçŽĎåĂijãĂĆæŐl’èĘIJïijĹmaskäź§èćńçğřäÿžkernelïijL’

image

è£ŹéĞŇïijŇæĹŚäżňçŤĺæŐl’èĘIJæİěæŔŘéńŸåŻ¿åČŔåŕźæŕŤåžęãĂĆçŤĺåĹřçŽĎæŐl’èĘIJæŸŕïijŽ
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image

çžćèL’šæŸŕäÿ å£ČåČŔçt’ăïijŇäżŐäÿŁåĹřäÿŃïijŇäżŐåůęåĹřåŔşåŕźæŕŔäÿłåČŔçt’ăåĄŽåŘŇæăůçŽĎåd’ĎçŘĘæŞ ä¡IJïijŇå¿ŮåĹřæIJĂçżĹçżŞæd̄IJåřśæŸŕåŕźæŕŤåžęæŔŘéńŸäźŃåŘŐçŽĎè¿ŞåĞžåŻ¿åČŔMatåŕźèśąãĂĆ

ä¡£çŤĺæŰźæşŢåęĆäÿŃïijŽ

åőŽäźL’æŐl’èĘIJïijŽMat kernel = (Mat_(3,3) << 0, -1, 0, -1, 5, -1, 0, -1, 0);

filter2D( src, dst, src.depth(), kernel );åĚűäÿ srcäÿŐdstæŸŕ-
Matçśżåd̄ŃåŔŸéĞŔãĂĄsrc.depthèąĺçd’žä¡ åŻ¿æůśåžęïijŇæIJL’32ãĂĄ24ãĂĄ8ç L’ãĂĆ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;
using namespace std;

int main(int argc, char** argv) {
Mat src;

// src = imread("D:/1.jpg");
src = imread("D:/WireRope/change.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
namedWindow("input image", CV_WINDOW_AUTOSIZE);
imshow("input image", src);

Mat dst;
dst = Mat(src.size(), src.type());

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

Mat kernal = (Mat_<char>(3, 3) << 0, -1, 0,

→˓-1, 5, -1,

→˓ 0, -1, 0);
filter2D(src, dst, src.depth(), kernal);
imshow("contract image demo", dst);
imwrite("D:/WireRope/contrast_change.jpg", dst);

waitKey(0);
return 0;

}

çŤĺè£Źçğ æŰźæşŢåřśæŔŘéńŸäžĘåŻ¿åČŔçŽĎåŕźæŕŤåžęãĂĆæĹŚäżňçżŹfilter2DäżĂäźĹæăůçŽĎæŐl’èĘIJïijŇäżŰåřśäijŽæŻ£ä¡ăæL’ğèąŇäżĂäźĹæăůçŽĎæŞ ä¡IJãĂĆ

3.1.1 åČŔçt’ăèŇČåŻt’åd’ĎçŘĘsaturate_cast

• saturate_castïijĹ-100ïijL’ïijŇè£ŤåŻd̄ 0ãĂĆ

• saturate_castïijĹ288ïijL’ïijŇè£ŤåŻd̄255

• saturate_castïijĹ100ïijL’ïijŇè£ŤåŻd̄100

è£ŹäÿłåĞ¡æŢřçŽĎåŁ§èČ¡æŸŕçąőä£İRGBåĂijå¿ŮèŇČåŻt’åIJĺ0~255äźŃéŮt’

3.2 å§žæIJňéŸĹåĂijæŞ ä¡IJ

• éŸĹåĂijäžŇåĂijåŇŰ(threshold binary)

èŞİèL’šèąĺçd’žéŸĹåĂijçž£ïijŇçžćèL’šèąĺçd’žåČŔçt’ăçŽĎåĹĘåÿČæČĚåĘţãĂĆéIJĂèęĄæşĺæĎŔçŽĎæŸŕè£ŹéĞŇçŽĎéŸĹåĂijæŞ ä¡IJäżěåŔŁæŐěäÿŃæİěçŽĎéŸĹåĂijæŞ ä¡IJåŕźåžŤçŽĎéČ¡æŸŕçĄřåžęåŻ¿åČŔèĂŇèĺĂçŽĎãĂĆ

image

• éŸĹåĂijåŔ äžŇåĂijåŇŰ(threshold binary Inverted)

image

• æĹłæŰ (truncate)

3.2. å§žæIJňéŸĹåĂijæŞ ä¡IJ 11
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image

• éŸĹåĂijåŔŰéŻű (threshold to zero)

image

• éŸĹåĂijåŔ åŔŰéŻű (threshold to zero inverted)

image

è£ŹéĞŇçżŹåĞžæŇĞäżd’åŘ çğřïijŽ

image

èęĄç§ěéĄŞçŽĎæŸŕïijŇè£ŹäžŤäÿłåĂijåžŤèŕěèćńåőŔåőŽäźL’è£ĞïijŇåőd̄éŹĚäÿŁåĚűèČŇåŘŐåĹĘåĹńæŸŕæŢřå Ů0-
4ïijŇæL’ĂäżěåĘŹæĹŘæŢřå Ů0-4äź§æŸŕåŔŕäżěçŽĎãĂĆ

äÿŃéİćæŸŕéŸĹåĂijäžŇåĂijåŇŰçŽĎäżčçăĄïijŽ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

(äÿŃéąţçżğçż )

3.2. å§žæIJňéŸĹåĂijæŞ ä¡IJ 12



OpenCV, åŔŚåÿČ 1.0

(çż äÿŁéąţ)

using namespace cv;

Mat src, dst, gray_src;
int threshold_value = 127; //åČŔçt’ăåĂijæŸŕ0-
→˓255ïijŇåŔŰäÿ éŮt’åĂijåřśæŸŕ127
int threshold_max = 255;
const char* output_title = "binary image";

void Threshold_Demo(int, void*);

int main(int argc, char** argv) {
src = imread("D:/2.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
namedWindow("input image", CV_WINDOW_AUTOSIZE);
namedWindow(output_title, CV_WINDOW_AUTOSIZE);
imshow("input image", src);

createTrackbar("Threshold Value", output_title, &threshold_
→˓value, threshold_max, Threshold_Demo); //ǻLŻåżžäÿĂäÿłæŃŰåŁĺæİą

Threshold_Demo(0, 0);

waitKey(0);
return 0;

}

void Threshold_Demo(int, void*) {
cvtColor(src, gray_src, CV_BGR2GRAY);
threshold(gray_src, dst, threshold_value, threshold_max,

→˓THRESH_TOZERO_INV); //
→˓æŻt’æŤźè£ŹéĞŇçŽĎåĂijïijŇåřśåŔŕäżěåőd̄çŐř5çğ éŸ́LåĂijæŞ ä¡IJè¡ňæ ć

imshow(output_title, dst);
}

äÿŃéİćæŸŕ5äÿłåĂijäÿĂèţůåĹŻåżžæŃŰåŁĺæİąçŽĎæŢĹæd̄IJïijŽ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, dst, gray_src;
int threshold_value = 127; //åČŔçt’ăåĂijæŸŕ0-
→˓255ïijŇåŔŰäÿ éŮt’åĂijåřśæŸŕ127

(äÿŃéąţçżğçż )

3.2. å§žæIJňéŸĹåĂijæŞ ä¡IJ 13
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(çż äÿŁéąţ)

int threshold_max = 255;

int type_value = 2;
int type_max = 4; //åőŽäźL’5çğ æŞ ä¡IJ,
→˓5çğ æŞ ä¡IJæL’ĂåŕźåžŤçŽĎåőd̄éŹĚåĂijǻLĘǻLńæŸŕ0-4

const char* output_title = "binary image";

void Threshold_Demo(int, void*);

int main(int argc, char** argv) {
src = imread("D:/test.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
namedWindow("input image", CV_WINDOW_AUTOSIZE);
namedWindow(output_title, CV_WINDOW_AUTOSIZE);
imshow("input image", src);

createTrackbar("Threshold Value", output_title, &threshold_
→˓value, threshold_max, Threshold_Demo); //ǻLŻåżžäÿĂäÿłæŃŰåŁĺæİą

createTrackbar("Type Value", output_title, &type_value,
→˓type_max, Threshold_Demo); //ǻLŻåżžäÿĂäÿłæŃŰåŁĺæİą

Threshold_Demo(0, 0);

waitKey(0);
return 0;

}

void Threshold_Demo(int, void*) {
cvtColor(src, gray_src, CV_BGR2GRAY);
threshold(gray_src, dst, threshold_value, threshold_max,

→˓type_value); //
→˓æŻt’æŤźè£ŹéĞŇçŽĎåĂijïijŇåřśåŔŕäżěåőd̄çŐř5çğ éŸ́LåĂijæŞ ä¡IJè¡ňæ ć

imshow(output_title, dst);
}

3.2. å§žæIJňéŸĹåĂijæŞ ä¡IJ 14
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image

• èĞłåŁĺèőąçőŮéŸĹåĂij

åőd̄çŐřæŰźæşŢæŸŕTHRESH_OTSUåŠŇTHRESH_TRIANGLE

è£Źäÿd’çğ æŰźæşŢåŔŕäżěçŤĺäžŐèĞłåŁĺèőąçőŮéŸĹåĂijïijŇèČŇåŘŐéČ¡æIJL’äÿĂäžŻåŕźåžŤçŽĎæŢřå ęåŐ§çŘĘãĂĆ

threshold(gray_src, dst, threshold_value, threshold_max, THRESH_
→˓OTSU | type_value); //
→˓æŻt’æŤźè£ŹéĞŇçŽĎåĂijïijŇåřśåŔŕäżěåőd̄çŐř5çğ éŸ́LåĂijæŞ ä¡IJè¡ňæ ć

æŻt’æŤźè£ŹéĞŇåřśåŔŕäżěåőd̄çŐřèĞłåŁĺæśĆéŸĹåĂijãĂĆ

3.2. å§žæIJňéŸĹåĂijæŞ ä¡IJ 15



CHAPTER 4

åŻ¿åČŔæżd’æşć

4.1 èĞłåőŽäźL’çž£æĂğæżd’æşć

4.1.1 RobertçőŮå Ř

//RobertçőŮå ŘåIJĺxæŰźåŘŚ
Mat kernal_x = (Mat_<int>(2, 2) << 1, 0, 0, -1);
filter2D(src, dst, src.depth(), kernal_x, Point(-1, -1), 0.0);
imshow("output image", dst);

//RobertçőŮå ŘåIJĺyæŰźåŘŚ
Mat kernal_y = (Mat_<int>(2, 2) << 0, 1, -1, 0);
filter2D(src, dst, src.depth(), kernal_y, Point(-1, -1), 0.0);
imshow("output image", dst);

4.1.2 SoberçőŮå Ř

// SobelçőŮå ŘåIJĺxæŰźåŘŚ
Mat kernal_x = (Mat_<int>(3, 3) << -1, 0, 1, -2, 0, 2, -1, 0, 1);
filter2D(src, dst, src.depth(), kernal_x, Point(-1, -1), 0.0);

// SobelçőŮå ŘåIJĺyæŰźåŘŚ
Mat kernal_y = (Mat_<int>(3, 3) << -1, -2, -1, 0, 0, 0, 1, 2, 1);
filter2D(src, dst, src.depth(), kernal_y, Point(-1, -1), 0.0);
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4.1.3 æŃL’æŹőæŃL’æŰŕçőŮå Ř

Mat kernal = (Mat_<int>(3, 3) << 0, -1, 0, -1, 4, -1, 0, -1, 0);
filter2D(src, dst, src.depth(), kernal, Point(-1, -1), 0.0);

4.1.4 èĞłåőŽäźL’å ůçğŕfilter2D

filter2D(
Mat src, //è¿ŞåĚěåŻ¿åČŔ
Mat dst, // æĺąçşŁåŻ¿åČŔ
int depth, // åŻ¿åČŔæůśåžę32/
→˓8ïijŇåęĆæd̄IJäÿ ç§ěéĄŞäÿĂè́LňéČ¡åĘŹéżŸèőd’æIJĂåd’ğæůśåžę
Mat kernel, // å ůçğŕæăÿ/
→˓æĺąæİ£ïijŇè¿ŞåĚěçŽĎå ůçğŕæăÿåd’ğåřŔäÿĂè́LňéČ¡æŸŕå§žæŢř3ãĂĄ5ãĂĄ7ãĂĄ9ç L’ç L’
Point anchor, // éŤŽçĆźä¡ ç¡őïijŇéŤŽçĆźçŻt’æŐěåĘŹïij́L-1,-
→˓1ïijL’åřśäijŽèĞłåŁĺåÿőä¡ăæL’¿ǻLřéŤŽçĆźçŽĎäÿ å£Čä¡ ç¡ő
double delta // èőąçőŮåĞžæİěçŽĎåČŔçt’ă+delta
)

åĚűäÿ kernalæŸŕåŔŕäżěèĞłåőŽäźL’çŽĎå ůçğŕæăÿ

4.1. èĞłåőŽäźL’çž£æĂğæżd’æşć 17



CHAPTER 5

åd’ĎçŘĘè¿źçijŸ

5.1 å ůçğŕè¿źçŢŇéŮőéćŸåŔŁåĚűåd’ĎçŘĘ

5.1.1 è¿źçŢŇéŮőéćŸ

image

å ůçğŕè¿źçŢŇéŮőéćŸæŸŕæŇĞçŽĎåŻ¿åČŔå ůçğŕçŽĎæŮűåĂŹè¿źçŢŇåČŔçt’ăïijŇäÿ èČ¡èćńå ůçğŕæŞ ä¡IJïijŇåŐ§åŻăåIJĺäžŐè¿źçŢŇåČŔçt’ăæšąæIJL’åőŇåĚĺèů§kerneléĞ åŔăïijŇæL’Ăäżěå¡Ş3x3æżd’æşćæŮűåĂŹæIJL’1äÿłåČŔçt’ăïijĹæIJĂäÿŁéİćäÿĂèąŇçŽĎåČŔçt’ăïijL’çŽĎè¿źçijŸæšąæIJL’èćńåd’ĎçŘĘïijŇ5x5æżd’æşćçŽĎæŮűåĂŹæIJL’2äÿłåČŔçt’ăçŽĎè¿źçijŸæšąæIJL’èćńåd’ĎçŘĘãĂĆ

5.1.2 åd’ĎçŘĘ

åIJĺå ůçğŕåijĂåğŃäźŃåL’ åćd̄åŁăè¿źçijŸåČŔçt’ăïijŇåąńåĚĚçŽĎåČŔçt’ăåĂijäÿž0æĹŰèĂĚRGBéżŚèL’šïijŇæŕŤåęĆ3x3åIJĺåŻŻåŚĺåŘĎåąńåĚĚ1äÿłåČŔçt’ăçŽĎè¿źçijŸïijŇè£Źæăůåřśçąőä£İåŻ¿åČŔçŽĎè¿źçijŸèćńåd’ĎçŘĘïijŇåIJĺå ůçğŕåd’ĎçŘĘäźŃåŘŐåĘ åŐżæŐL’è£ŹäžŻè¿źçijŸãĂĆopenCVäÿ éżŸèőd’çŽĎåd’ĎçŘĘæŰźæşŢæŸŕïijŽ
BORDER_DEFAULTïijŇæ d’åd’ŰåÿÿçŤĺçŽĎè£ŸæIJL’åęĆäÿŃåĞăçğ ïijŽ

• BORDER_CONSTANTïijŽçŤĺæŇĞåőŽåČŔçt’ăåąńåĚĚè¿źçijŸ

• BORDER_REPLICATEïijŽçŤĺåůšç§ěè¿źçijŸåČŔçt’ăåĂijæİěåąńåĚĚè¿źçijŸåČŔçt’ăåĂij
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• BORDER_WRAPïijŽçŤĺåŔęåd’ŰäÿĂè¿źçŽĎåČŔçt’ăæİěèąěåĄ£åąńåĚĚ

äÿŃéİćæŸŕçżŹåŻ¿åČŔèĞłåőŽäźL’æůżåŁăè¿źçijŸ

copyMakeBorderïijŽçżŹåŻ¿åČŔæůżåŁăè¿źçijŸAPI

copyMakeBorderïij́L
Mat src, // è¿ŞåĚěåŻ¿åČŔ
Mat dst, // æůżåŁăè¿źçijŸåŻ¿åČŔ
int top, //

→˓è¿źçijŸéŢ£åžęïijŇäÿĂè́LňäÿŁäÿŃåůęåŔşéČ¡åŔŰçŻÿåŘŇåĂijïijŇ
int bottom,
int left,
int right,
int borderType // è¿źçijŸçśżåd̄Ń
Scalar value // ScalarçŤĺäžŐæŇĞåőŽéćIJèL’š,è¿źçijŸçśżåd̄Ńäÿž

→˓BORDER_CONSTANT æŮűïijŇæIJL’æŢ́L
ïijL’

äÿŃéİćäżčçăĄåśŢçd’žäÿĂäÿŃåęĆä¡ŢåĚůä¡Şä¡£çŤĺïijŽ

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

Scalar color = Scalar(rng.uniform(0, 255), rng.uniform(0, 255), rng.
→˓uniform(0, 255));
copyMakeBorder(src, dst, top, bottom, left, right, borderType,
→˓color);
imshow(OUTPUT_WIN, dst);

è£ŹæŸŕåőŇæŢt’æijŤçd’žåŻŻçğ æŰźæşŢåęĆä¡ŢåĹĞæ ćçŽĎäżčçăĄïijŽ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, dst, kernal;

int main(int argc, char** argv) {
src = imread("D:/1.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}

char INPUT_WIN[] = "input image";
char OUTPUT_WIN[] = "result image";

(äÿŃéąţçżğçż )
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OpenCV, åŔŚåÿČ 1.0

(çż äÿŁéąţ)

namedWindow(INPUT_WIN, CV_WINDOW_AUTOSIZE);
namedWindow(OUTPUT_WIN, CV_WINDOW_AUTOSIZE);
imshow("input image", src);

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

RNG rng(12345); //çŤ§ǽLŘéŽŔæIJžæŢř
int borderType = BORDER_DEFAULT;

int c = 0;
while (true)
{

c = waitKey(500);
if ((char)c ==27 ) //

→˓æŇL’äÿŃéŤőçŻŸESCåŕźåžŤçŽĎæŢřåĂijåřśæŸŕ27ïijŇäź§åřśæŸŕæŇL’äÿŃéŤőçŻŸæŐĺåĞžwhileå¿łçŐŕ
{

break;
}
if ((char)c == 'r')
{

borderType = BORDER_REPLICATE;
}
else if ((char)c == 'w')
{

borderType = BORDER_WRAP;
}
else if ((char)c == 'c')
{

borderType = BORDER_CONSTANT;
}
else if((char)c == 'd')
{

borderType = BORDER_DEFAULT;
}
Scalar color = Scalar(rng.uniform(0, 255), rng.

→˓uniform(0, 255), rng.uniform(0, 255)); //çŤ§ǽLŘ0-
→˓255äźŃåL’ éŽŔæIJžéćIJèL’šåĂij

copyMakeBorder(src, dst, top, bottom, left, right,
→˓borderType, color);

imshow(OUTPUT_WIN, dst);
}

return 0;
}
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5.2 SobelçőŮå Ř

5.2.1 å ůçğŕçŽĎåžŤçŤĺïijŽåŻ¿åČŔè¿źçijŸæŔŘåŔŰ

è¿źçijŸæŸŕåŻ¿åČŔåČŔçt’ăåŔŚçŤ§æŸ¿èŚŮèůČè£ĄçŽĎåIJřæŰźïijŇéĂŽè£ĞæśĆäÿĂéŸűåŕijæŢřåŔŕäżěå¿Ĺåě¡åIJřæ Ţæ L’è¿źçijŸãĂĆ

delta = f(x) – f(x-1), deltaèűŁåd’ğïijŇèŕt’æŸŐåČŔçt’ăåIJĺXæŰźåŘŚåŔŸåŇŰèűŁåd’ğïijŇè¿źçijŸä£ąåŔůèűŁåijžãĂĆ

image

5.2.2 SobelçőŮå Ř

SobelçőŮå ŘåŔĹèćńçğřäÿžäÿĂéŸűå¿őåĹĘçőŮå ŘïijŇæśĆåŕijçőŮå ŘïijŇåIJĺæřt’åźşåŠŇåd̄ĆçŻt’äÿd’äÿłæŰźåŘŚäÿŁæśĆåŕijïijŇå¿ŮåĹřåŻ¿åČŔXæŰźæşŢäÿŐYæŰźåŘŚæćŕåžęåŻ¿åČŔãĂĆåőČæŸŕçężæŢčå¿őåĹĘçőŮå ŘïijĹdiscrete
differentiation operatorïijL’ïijŇçŤĺæİěèőąçőŮçĄřåžęåŻ¿åČŔçŽĎè£ŚäijijæćŕåžęãĂĆ

SobleçőŮå ŘåŁ§èČ¡éŻĘåŘĹéńŸæŰŕåźşæżŚåŠŇå¿őåĹĘæśĆåŕijãĂĆ

image

æĹŚäżňäżěæřt’åźşæćŕåžęäÿžä¿ŃãĂĆäżŰçŽĎæřt’åźşæŰźåŘŚäÿŁéİćåŔŸåŇŰå ĄåĹĘçŽĎæŸŐæŸ¿ïijŇåIJĺæřt’åźşæŰźåŘŚäÿŁçżŹäÿ åŘŇçŽĎæİČéĞ ïijŇéĂŽè£ĞæİČéĞ åĂijæİěæL’l’åd’ğåůőåijĆãĂĆ

image

æIJĂçżĹåŻ¿åČŔæćŕåžęåęĆäÿŁåŻ¿æL’Ăçd’žïijŇäÿĂèĹňäÿžäžĘèől’èőąçőŮæIJžçőŮçŽĎæŻt’å£ńäÿĂäžŻïijŇæĹŚäżňäijŽåŔŰçżİåŕźåĂijçŽĎå¡ćåijŔãĂĆ

5.2.3 SobelçőŮå ŘAPI

cv::Sobel (
InputArray Src // è¿ŞåĚěåŻ¿åČŔ
OutputArray dst// è¿ŞåĞžåŻ¿åČŔïijŇåd’ğåřŔäÿŐè¿ŞåĚěåŻ¿åČŔäÿĂèĞt’

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

int depth // è¿ŞåĞžåŻ¿åČŔæůśåžę.
Int dx. //
→˓XæŰźåŘŚïijŇåĞăéŸűåŕijæŢřïijŇåęĆæd̄IJæČşæśĆxæŰźåŘŚçŽĎæŮűåĂŹåřśèől’è£ŹäÿłæŢřåŔŰ1ïijŇyæŰźåŘŚäÿŁåŔŰ0
int dy // YæŰźåŘŚïijŇåĞăéŸűåŕijæŢř.
int ksize, SOBELçőŮå Řkernelåd’ğåřŔïijŇå£ĚéążæŸŕ1ãĂĄ3ãĂĄ5ãĂĄ7ãĂĄ
double scale = 1
double delta = 0
int borderType = BORDER_DEFAULT
)

image

è£ŹéĞŇåĚşäžŐæůśåžęèŕt’äÿĂäÿŃïijŇåŻăäÿžèĂČèŹŚäÿd’äÿłåŻ¿åČŔåČŔçt’ăäźŃéŮt’çŽĎåůőåĂijïijŇåŔŕèČ¡åĄŽåůőäźŃåŘŐèűĚè£Ğ255ïijŇèűĚè£Ğ255çŽĎ8UçĄřåžęåŻ¿åČŔåřśäijŽèćńæĹłæŰ ïijŇæL’ĂäżěçŻÿæŕŤäžŐè¿ŞåĚěïijŇè¿ŞåĞžäijŽäÿŁå ĞäÿĂäÿłåśĆæňąãĂĆïijĹ-
1åřśæŸŕèąĺçd’žéĂL’æŃl’åŠŇåŐ§åĚĹçŽĎäÿĂæăůïijL’

SobelçőŮå ŘæŤźè£ŻçL’ĹïijŽScharr

image

cv::Scharr (
InputArray Src // è¿ŞåĚěåŻ¿åČŔ
OutputArray dst// è¿ŞåĞžåŻ¿åČŔïijŇåd’ğåřŔäÿŐè¿ŞåĚěåŻ¿åČŔäÿĂèĞt’
int depth // è¿ŞåĞžåŻ¿åČŔæůśåžę.
Int dx. // XæŰźåŘŚïijŇåĞăéŸűåŕijæŢř
int dy // YæŰźåŘŚïijŇåĞăéŸűåŕijæŢř.
double scale = 1
double delta = 0
int borderType = BORDER_DEFAULT
)

åd’ĎçŘĘæţĄçĺŃïijŽ

• GaussianBlur( src, dst, Size(3,3), 0, 0, BORDER_DEFAULT );
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• cvtColor( src, gray, COLOR_RGB2GRAY );

• addWeighted( A, 0.5,B, 0.5, 0, AB);

• convertScaleAbs(A, B)// èőąçőŮåŻ¿åČŔAçŽĎåČŔçt’ăçżİåŕźåĂijïijŇè¿ŞåĞžåĹřåŻ¿åČŔB

Sobelåőd̄çŐřäżčçăĄåęĆäÿŃïijŇScharräżčçăĄäÿĂæăůãĂĆ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, dst;

int main(int argc, char** argv) {
src = imread("D:/1.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
imshow("input image", src);

GaussianBlur(src, dst, Size(3, 3), 0, 0);
Mat gray_src;
cvtColor(src, gray_src, CV_BGR2GRAY);
imshow("gray image", gray_src);

Mat xgrad, ygrad;
Sobel(gray_src, xgrad, CV_16S, 1, 0, 3); //

→˓ǽLŚäżňè£ŹéĞŇåŕźäžŐCV_
→˓8UçŽĎè¿ŞåĚěåŻ¿åČŔïijŇåŘŚäÿŁåŔŰäÿĂäÿłæŢřéĞŔçžğïijŇä¡£å¿Ůäÿ äijŽåŔŚçŤ§èűĚè£Ğ255èćńǽLłæŰ çŽĎäžŃæČĚåŔŚçŤ§

Sobel(gray_src, ygrad, CV_16S, 0, 1, 3);
convertScaleAbs(xgrad, xgrad); //

→˓èőąçőŮçŽĎæŮűåĂŹäź§åŔŕèČ¡åĞžçŐřèt’§æŢřïijŇèt’§æŢřçŽĎèŕİåŻăäÿžäÿ æŸŕ0-
→˓255äźŃéŮt’ïijŇäijŽèćńåijžǻLűåŔŸǽLŘ0ïijŇè£Źäÿ æŸŕǽLŚäżňæČşèęĄçŽĎïijŇǽLŚäżňè£ŹæăůåijžǻLűæŁŁäżŰäżňåŔŸǽLŘæ čçŽĎ

convertScaleAbs(ygrad, ygrad);
imshow("xgrad", xgrad);
imshow("ygrad", ygrad);

Mat xygrad = Mat(xgrad.size(), xgrad.type());

/*
→˓æşĺéĞŁçŽĎäżčçăĄæŸŕäÿ ä¡£çŤĺåĞ¡æŢřæśĆxgradåŠŇygradçŽĎåŘ́LèţůæİěçŽĎåĂij
→˓*/

//int width = xgrad.cols;
//int height = ygrad.rows;
//for (int row = 0; row < height; row++)
//{

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

// for (int col = 0; col < width; col++)
// {
// int xg = xgrad.at<uchar>(row, col);
// int yg = ygrad.at<uchar>(row, col);
// int xy = xg + yg;
// xygrad.at<uchar>(row, col) = saturate_cast

→˓<uchar>(xy);
// }
//}
addWeighted(xgrad, 0.5, ygrad, 0.5, 0, xygrad);
imshow("Final result", xygrad);
waitKey(0);
return 0;

}

5.3 LaplaciançőŮå Ř

image

åIJĺäžŇéŸűåŕijæŢřçŽĎæŮűåĂŹïijŇæIJĂåd’ğåŔŸåŇŰåd’ĎçŽĎåĂijäÿžéŻűå şè¿źçijŸæŸŕéŻűåĂijãĂĆéĂŽè£ĞäžŇéŸűåŕijæŢřèőąçőŮïijŇä¿İæ őæ d’çŘĘèőžæĹŚäżňåŔŕäżěèőąçőŮåŻ¿åČŔäžŇéŸűåŕijæŢřïijŇæŔŘåŔŰè¿źçijŸãĂĆ

5.3.1 cv::Laplacian

Laplacian(
InputArray src,
OutputArray dst,
int depth, //æůśåžęCV_16S
int kisze, // 3
double scale = 1,
double delta =0.0,
int borderType = 4
)

åd’ĎçŘĘæţĄçĺŃæŸŕ

• éńŸæŰŕæĺąçşŁ – åŐżåŹłåčřGaussianBlur()

• è¡ňæ ćäÿžçĄřåžęåŻ¿åČŔcvtColor()
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• æŃL’æŹőæŃL’æŰŕ – äžŇéŸűåŕijæŢřèőąçőŮLaplacian()

• åŔŰçżİåŕźåĂijconvertScaleAbs()

• æŸ¿çd’žçżŞæd̄IJ

è£ŹéĞŇåĘ èŕt’äÿĂäÿŃåŔŰçżİåŕźåĂijçŽĎæĎŔäźL’ïijŇäÿ çőąçőŮçŽĎåĂijæŸŕèt’§çŽĎè£ŸæŸŕæ čçŽĎïijŇéČ¡äżčèąĺæŸŕçŽĎåŻ¿åČŔäźŃéŮt’çŽĎåůőåijĆïijŇäÿ èČ¡åŻăäÿžæŸŕèt’§çŽĎæŢřåřśçŻt’æŐěåĹăæŐL’äÿ çőąäžĘãĂĆæL’ĂäżěæĹŚäżňéIJĂèęĄåŔŰçżİåŕźåĂijæİěä£İçŢŹè£Źäż¡åůőåijĆãĂĆ

åĚůä¡ŞåŻ¿åČŔåd’ĎçŘĘäżčçăĄïijŽ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, dst;

int main(int argc, char** argv) {
src = imread("D:/1.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
namedWindow("input image", CV_WINDOW_AUTOSIZE);
imshow("input image", src);

Mat gray_src, edge_image;
GaussianBlur(src, dst, Size(3, 3), 0, 0);
cvtColor(dst, gray_src, CV_BGR2GRAY);

Laplacian(gray_src, edge_image, CV_16S, 3);
convertScaleAbs(edge_image, edge_image);
threshold(edge_image, edge_image, 0, 255, THRESH_OTSU |

→˓THRESH_BINARY); //
→˓çŤĺOtsuçőŮæşŢèŐůåŔŰæIJĂäijŸäžŇåĂijåŇŰçŽĎåĂijè£ŻèąŇåŻ¿åČŔäžŇåĂijåŇŰåd’ĎçŘĘ

imshow("output image", edge_image);

waitKey(0);
return 0;

}

5.4 CannyçőŮæşŢ

CannyæŸŕè¿źçijŸæčĂæţŃçőŮæşŢïijŇåIJĺ1986åźt’æŔŘåĞžçŽĎãĂĆæŸŕäÿĂäÿłå ĄåĹĘåÿÿçŤĺåŠŇåőd̄çŤĺçŽĎè¿źçijŸæčĂæţŃçőŮæşŢãĂĆ

5.4.1 çőŮæşŢæţĄçĺŃ

çőŮæşŢåd’ğèĞt’æţĄçĺŃïijŽ

5.4. CannyçőŮæşŢ 25
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• éńŸæŰŕæĺąçşŁ - GaussianBlur

• çĄřåžęè¡ňæ ć - cvtColor

• èőąçőŮæćŕåžę – Sobel/Scharr

• éİd̄æIJĂåd’ğä£ąåŔůæŁŚåĹű

• éńŸä¡ŐéŸĹåĂijè¿ŞåĞžäžŇåĂijåŻ¿åČŔ

è£ŹéĞŇèŕt’äÿĂäÿŃéńŸæŰŕæĺąçşŁçŽĎä¡IJçŤĺïijŇéńŸæŰŕæĺąçşŁçŽĎäÿżèęĄä¡IJçŤĺåřśæŸŕéŹ åŹłãĂĆéŸšæ ćåijĆåÿÿåĂijå¡śåŞ æIJĂçżĹçżŞæd̄IJãĂĆ

éİd̄æIJĂåd’ğä£ąåŔůæŁŚåĹűæŸŕåĚşäžŐè¿źçijŸæĹŚäżňåŔłèČ¡æIJL’äÿĂäÿłåČŔçt’ăäÿĂäÿłåĂijïijŇåĚşäžŐéİd̄æIJĂåd’ğåĂijèęĄè£ŻèąŇäÿĂåőŽæŁŚåĹűïijŇæİěçłĄåĞžæIJĂåd’ğè¿źçijŸãĂĆéİd̄æIJĂåd’ğä£ąåŔůæŁŚåĹűåĚůä¡Şæİěèŕt’åřśæŸŕåŕźäžŐèŕěæŰźåŘŚäÿŁçŽĎçĆźïijŇåęĆæd̄IJäÿ æŸŕæIJĂåd’ğä£ąåŔůïijŇæĹŚäżňåřśæŁŁåőČåŐżæŐL’ãĂĆ

éńŸä¡ŐéŸĹåĂijè£d̄æŐěæŸŕéİd̄æIJĂåd’ğä£ąåŔůæŁŚåĹűäźŃåŘŐçŽĎåŻ¿åČŔéČ¡æŸŕäÿĂäžŻåČŔçt’ăçĆźïijŇéIJĂèęĄæŁŁäżŰäżňè£d̄æŐěæĹŘçž£ãĂĆè£ŹéĞŇåęĆæd̄IJåd’ğäžŐæIJĂéńŸéŸĹåĂijçŽĎåČŔçt’ăïijŇæĹŚäżňéČ¡èęĄæŁŁäżŰäżňä£İçŢŹäÿŃæİěïijŇåřŔäžŐæIJĂåd’ğéŸĹåĂijçŽĎåĚĺéČĺèĹ åijČãĂĆçĎűåŘŐäżŃäžŐæIJĂåd’ğéŸĹåĂijåŠŇæIJĂåřŔéŸĹåĂijäźŃéŮt’çŽĎæĹŚäżňäijŽåŕźåĚűè£ŻèąŇäÿĂäÿłéŸĹåĂijè£d̄æŐěãĂĆè¿źçijŸè£d̄æŐěäźŃåŘŐåřśå¿ŮåĹřäÿĂäÿłäžŇåĂijåŻ¿åČŔçĎűåŘŐæŁŁäżŰäżňè¿ŞåĞžãĂĆ

åd’ğæęĆè£ŹæŸŕåőŇæŢt’çŽĎä¡£çŤĺcannyçőŮæşŢçŽĎæţĄçĺŃãĂĆ

image

åęĆåŻ¿æL’Ăçd’žåŻ¿çL’Ğäÿ çŽĎåůęä¿ğæŸŕSobelçőŮå ŘïijŇ$\theta$èąĺçd’žçŽĎæŸŕæćŕåžęçŽĎåŔŸåŇŰæČĚåĘţïijŇçIJŃåŞłäÿłæŰźåŘŚäÿŁæćŕåžęåŔŸåŇŰæŻt’åd’ğïijŇäżěæ d’æİěçąőåőŽèğŠåžęãĂĆåŔşåŻ¿æL’Ăçd’žçŽĎåřśæŸŕèğŠåžęåŇžéŮt’ãĂĆåIJĺæŕŔäÿĂäÿłæL’ĞåŇžïijŇæĹŚäżňäijŽåŕźå¡ŞåL’ çŽĎåČŔçt’ăåŠŇäÿŁäÿŃäÿd’äÿłåČŔçt’ăè£ŻèąŇæŕŤè¿ČïijŇåęĆæd̄IJå¡ŞåL’ çŽĎåČŔçt’ăåřŔäžŐäÿŁäÿŃäÿd’äÿłåČŔçt’ăïijŇéĆčäźĹäÿŁäÿŃäÿd’äÿłåČŔçt’ăä£İçŢŹïijŇå¡ŞåL’ çŽĎåČŔçt’ăèĹ åijČïijŇåęĆæd̄IJå¡ŞåL’ åČŔçt’ăåd’ğäžŐäÿŁäÿŃäÿd’äÿłåČŔçt’ăïijŇéĆčäźĹäÿŁäÿŃäÿd’äÿłåČŔçt’ăèćńèĹ åijČïijŇå¡ŞåL’ åČŔçt’ăä£İçŢŹãĂĆïijĹæĹŚäżňåŔłåIJĺæŕŔäÿłæL’ĞåŇžéĂL’æŃl’äÿŐäżŰçŻÿè£ŚçŽĎäÿd’äÿłåČŔçt’ăïijL’

éńŸä¡ŐéŸĹåĂijçŽĎéĂL’åŔŰ

äżĂäźĹæăůçŽĎéŸĹåĂijæŸŕåě¡çŽĎéŸĹåĂijïijŇéńŸä¡ŐéŸĹåĂijåĹřåžŢèŕěæĂŐäźĹéĂL’åŔŰåŚćïij§åIJĺåőd̄éŹĚçijŰçĺŃäÿ T1ïijŇT2äÿžéŸĹåĂijïijŇåĞąæŸŕéńŸäžŐT2çŽĎéČ¡ä£İçŢŹïijŇåĞąæŸŕåřŔäžŐT1éČ¡äÿćåijČïijŇäżŐéńŸäžŐT2çŽĎåČŔçt’ăåĞžåŔŚïijŇåĞąæŸŕåd’ğäžŐT1èĂŇäÿŤçŻÿäžŠè£d̄æŐěçŽĎïijŇéČ¡ä£İçŢŹãĂĆæIJĂçżĹå¿ŮåĹřäÿĂäÿłè¿ŞåĞžäžŇåĂijåŻ¿åČŔãĂĆ

æŐĺè ŘçŽĎéńŸä¡ŐéŸĹåĂijæŕŤåĂijäÿž T2: T1 = 3:1/2:1
åĚűäÿ T2äÿžéńŸéŸĹåĂijïijŇT1äÿžä¡ŐéŸĹåĂijãĂĆ

5.4.2 cv::Canny

Cannyïij́L
InputArray src, // 8-
→˓bitçŽĎè¿ŞåĚěåŻ¿åČŔïijŇäÿ æŤŕæŇĄå¡l’èL’šåŻ¿åČŔïijŇäÿĂåőŽèęĄæŔŘåL’ è¡ňäÿžçĄřåžę
OutputArray edges,// è¿ŞåĞžè¿źçijŸåŻ¿åČŔïijŇ
→˓äÿĂè́LňéČ¡æŸŕäžŇåĂijåŻ¿åČŔïijŇèČŇæŹŕæŸŕéżŚèL’š
double threshold1,// ä¡ŐéŸ́LåĂijïijŇåÿÿåŔŰéńŸéŸ́LåĂijçŽĎ1/2ǽLŰèĂĚ1/3
double threshold2,// éńŸéŸ́LåĂij

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

int aptertureSize,// SobleçőŮå ŘçŽĎsizeïijŇéĂŽåÿÿ3x3ïijŇåŔŰåĂij3
bool L2gradient // éĂL’æŃl’
→˓trueèąĺçd’žæŸŕL2æİěå¡ŠäÿĂåŇŰïijŇåŘęǻLŹçŤĺL1å¡ŠäÿĂåŇŰïij́LL2æŸŕäžŇèŇČæŢřïijŇL1æŸŕäÿĂèŇČæŢřïijL’
ïijL’

åĚşäžŐå¡ŠäÿĂåŇŰïijŇäÿĂèĹňæČĚåĘţäÿŃäÿžäžĘèőąçőŮéĂ§åžęïijŇéĂŽåÿÿéĂL’æŃl’L1å¡ŠäÿĂåŇŰãĂĆæL’ĂäżěåŔĆæŢřèő¿ç¡őäÿžfalseãĂĆ

åőŇæŢt’äżčçăĄåőd̄çŐřåęĆäÿŃïijŽ

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, dst, gray_src;

int t1_value = 50;
int max_value = 255;

void Canny_Demo(int, void*);

int main(int argc, char** argv) {
src = imread("D:/1.jpg");
if (!src.data) {

printf("could not load image...\n");
return -1;

}
namedWindow("input image", CV_WINDOW_AUTOSIZE);
namedWindow("output image", CV_WINDOW_AUTOSIZE);
imshow("input image", src);

cvtColor(src, gray_src, CV_BGR2GRAY);
createTrackbar("Threshold Value:", "output image", &t1_

→˓value, max_value, Canny_Demo); //
→˓ǻLŻåżžäÿĂäÿłæŃŰåŁĺæİąïijŇèğęåŔŚæŃŰåŁĺæİąçŽĎåŻd̄èřČåĞ¡æŢřäÿžCanny_
→˓Demo

Canny_Demo(0, 0);

waitKey(0);
return 0;

}

void Canny_Demo(int, void*) {
Mat edge_output;
blur(gray_src, gray_src, Size(3, 3), Point(-1, -1), BORDER_

→˓DEFAULT);
Canny(gray_src, edge_output, t1_value, t1_value * 2, 3,

→˓false);

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

/*
→˓æşĺéĞŁæŐL’éČĺǻLĘæŸŕçŤĺå¡l’èL’šåŻ¿åČŔæŸ¿çd’žcannyçőŮå ŘïijŇåęĆæd̄IJäÿ åŁăçŽĎèŕİåřśæŸŕçŤĺéżŚçŹ¡åČŔçt’ăæİěæŸ¿çd’žcannyçőŮå Řåd’ĎçŘĘçżŞæd̄IJïijŇåęĆæd̄IJçŤĺå¡l’èL’šåČŔçt’ăçŽĎèŕİïijŇåd’ĎçŘĘéĂ§åžęäijŽæŻt’æĚćäÿĂäžŻ

dst.create(src.size(), src.type);
src.copyTo(dst, edge_output);
imshow("output image", dst);

*/

imshow("output image", edge_output);
}

è£Źæăůåd’ĎçŘĘçŽĎåŻ¿çL’ĞæIJĂåŘŐæŸŕéżŚåžŢïijŇçŹ¡èL’šçŽĎè¿źïijŽ

image

åęĆæd̄IJç£żè¡ňè£ĞæİěïijŇæŤźæĹŘçŹ¡è¿źéżŚåžŢåŔŕèČ¡çIJŃèţůæİěæŢĹæd̄IJäijŽæŻt’åě¡ïijŇæĹŚäżňåŔłéIJĂèęĄæŻt’æŤźè£ŹäÿłæŞ ä¡IJ

imshow("output image", ~edge_output); //~
→˓èąĺçd’žåŔŰåŔ ïijŇåČŔçt’ăåŔŰåŔ åřśåŔŕäżěåŔŸǽLŘçŹ¡åžŢéżŚè¿źäžĘ

æIJĂåŘŐèŕt’äÿĂäÿŃïijŇå¡śåŞ CannyçőŮæşŢçŽĎäÿżèęĄæĹŘåČŔåŻăçt’ăæŸŕä¡ŐéŸĹåĂijåŠŇéńŸéŸĹåĂijäźŃéŮt’çŽĎéĂL’æŃl’ãĂĆ
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CHAPTER 6

æĺąæİ£åŇźéĚ

6.1 æĺąæİ£åŇźéĚ äżŃçż

• æĺąæİ£åŇźéĚ åřśæŸŕåIJĺæŢt’äÿłåŻ¿åČŔåŇžå§§åŔŚçŐřäÿŐçżŹåőŽå ŘåŻ¿åČŔåŇźéĚ çŽĎåřŔåİŮåŇžå§§ãĂĆ

• æL’Ăäżěæĺąæİ£åŇźéĚ éęŰåĚĹéIJĂèęĄäÿĂäÿłæĺąæİ£åŻ¿åČŔTïijĹçżŹåőŽçŽĎå ŘåŻ¿åČŔïijL’

• åŔęåd’ŰéIJĂèęĄäÿĂäÿłå¿ĚæčĂæţŃçŽĎåŻ¿åČŔ-æžŘåŻ¿åČŔS

• åůěä¡IJæŰźæşŢïijŇåIJĺåÿęæčĂæţŃåŻ¿åČŔäÿŁïijŇäżŐåůęåĹřåŔşïijŇäżŐäÿŁåŘŚäÿŃèőąçőŮæĺąæİ£åŻ¿åČŔäÿŐéĞ åŔăå ŘåŻ¿åČŔçŽĎåŇźéĚ åžęïijŇåŇźéĚ çĺŃåžęèűŁåd’ğïijŇäÿd’èĂĚçŻÿåŘŇçŽĎåŔŕèČ¡æĂğèűŁåd’ğãĂĆ

6.2 æĺąæİ£åŇźéĚ çŤĺåĹřçŽĎçőŮæşŢ

OpenCVäÿ åŇĚåŘńäžĘåĚ çğ æĺąæİ£åŇźéĚ çŽĎçőŮæşŢïijŽ

6.3 APIäżŃçż

matchTemplate(

InputArray image,// æžŘåŻ¿åČŔïijŇå£ĚéążæŸŕ8-bitǽLŰèĂĚ32-
→˓bitæţőçĆźæŢřåŻ¿åČŔ

InputArray templ,// æĺąæİ£åŻ¿åČŔïijŇçśżåd̄ŃäÿŐè¿ŞåĚěåŻ¿åČŔäÿĂèĞt’

OutputArray result,//
→˓è¿ŞåĞžçżŞæd̄IJïijŇå£ĚéążæŸŕå ŢéĂŽéĄŞ32ä¡ æţőçĆźæŢřïijŇåĄĞèő¿æžŘåŻ¿åČŔWxH,
→˓æĺąæİ£åŻ¿åČŔwxh, (äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

ǻLŹçżŞæd̄IJå£ĚéążäÿžW-w+1, H-
→˓h+1çŽĎåd’ğåřŔãĂĆ(wæŸŕåő¡ïijŇhæŸŕéńŸ)
int method,//
→˓ä¡£çŤĺçŽĎåŇźéĚ æŰźæşŢïijŇäÿĂè́LňæŐĺè Řä¡£çŤĺå¡ŠäÿĂåŇŰçŽĎæŰźæşŢ

InputArray mask=noArray()//(optional)
)

image

6.4 äżčçăĄæijŤçd’ž

#include <opencv2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;

Mat src, temp, dst;

int match_method = CV_TM_SQDIFF;
int max_track = 5;

void Match_Demo(int, void*);

int main(int argc, char** argv) {
src = imread("D:/temp/6.bmp");
temp = imread("D:/temp/temp.png");
if (!src.data || !temp.data) {

printf("could not load image...\n");
return -1;

}

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

namedWindow("input image", CV_WINDOW_NORMAL);
namedWindow("output image", CV_WINDOW_NORMAL);
namedWindow("template match-demo", CV_WINDOW_NORMAL);
imshow("input image", src);
const char* trackbar_title = "Match Algo Type";
createTrackbar(trackbar_title, "output image", &match_

→˓method, max_track, Match_Demo);
Match_Demo(0, 0); //

→˓åĚ́LèřČçŤĺäÿĂäÿŃïijŇä£İèŕĄǻLİåğŃåĂijäÿ äÿžçl’ž

waitKey(0);
return 0;

}

void Match_Demo(int, void*)
{

int width = src.cols - temp.cols + 1;
int height = src.rows - temp.rows + 1;
Mat result(width, height, CV_32FC1); //

→˓å£ĚéążæŸŕ32ä¡ æţőçĆźæŢř

matchTemplate(src, temp, result, match_method, Mat()); //
→˓ǻLřæŮűåĂŹäżŐtrackbaräÿŁéİćèŐůåŔŰmatch_method

//äÿŃéİćæŸŕå¡ŠäÿĂåŇŰïijŇæŁŁçżŞæd̄IJåŔŸǽLŘ0ǻLř1äźŃéŮt’
normalize(result, result, 0, 1, NORM_MINMAX, -1, Mat());

//
→˓äÿŃéİćèęĄæL’¿åĞžæĺąæİ£åŇźéĚ æIJĂåd’ğåĂijæIJĂåřŔåĂijçŽĎä¡ ç¡őïijŇäź§åřśæŸŕåŠŇåŞłäÿłä¡ ç¡őåŇźéĚ

Point minLoc; // æL’¿åĞžæIJĂåřŔåĂijçŽĎä¡ ç¡ő
Point maxLoc; // æL’¿åĞžæIJĂåd’ğåĂijçŽĎä¡ ç¡ő
double min, max;
//OpenCVæŔŘä¿ŻAPIæİěæL’¿åĞžæIJĂåd’ğæIJĂåřŔåĂijçŽĎä¡ ç¡ő
minMaxLoc(result, &min, &max, &minLoc, &maxLoc, Mat());

//çŤĺç§l’å¡ćæąĘæİěæŁŁæIJĂåd’ğæIJĂåřŔåĂijæİěæăĞåĞžæİě
src.copyTo(dst); //åIJĺdstäÿŁéİćè£ŻèąŇçżŸǻLűåůěä¡IJ
Point temLoc;
if (match_method == CV_TM_SQDIFF || match_method == CV_TM_

→˓SQDIFF_NORMED) //
→˓åŕźäžŐè£Źäÿd’çğ æŰźæşŢèĂŇèĺĂïijŇåžŤèŕěæŸŕæIJĂåřŔåĂijæİěåŇźéĚ ãĂĆåĚűäżŰæŰźæşŢæŸŕæIJĂåd’ğåĂijæİěåŇźéĚ

{
temLoc = minLoc;

}
else {

temLoc = maxLoc;
}

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

rectangle(dst, Rect(temLoc.x, temLoc.y, temp.cols, temp.
→˓rows), Scalar(0, 0, 255), 2, 8); //
→˓åIJĺæIJĂçż́Lè¿ŞåĞžåŻ¿åČŔäÿŁçżŸǻLűäÿĂäÿłç§l’å¡ć

rectangle(result, Rect(temLoc.x, temLoc.y, temp.cols, temp.
→˓rows), Scalar(0, 0, 255), 2, 8); //
→˓åIJĺresultçżŞæd̄IJäÿŁéİćè¿ŞåĞžäÿĂäÿłç§l’å¡ć

imshow("output image", result);
imshow("template match-demo", dst);

}
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CHAPTER 7

æŢřæ őäżŃçż

æŢřæ őåIJřåİĂïijŽhttps://github.com/hromi/SMILEsmileD

æŢřæ őåŇĚåŘń13165åijăçĄřåžęåŻ¿çL’ĞïijŇæŕŔåijăåŻ¿çL’ĞçŽĎåřžåŕÿæŸŕ64*64ãĂĆè£ŹäÿłæŢřæ őéŻĘåźűäÿ çőŮåźşèąąïijŇ13165åijăåŻ¿çL’Ğäÿ ïijŇæIJL’9475åijăåŻ¿çL’Ğäÿ æŸŕçňŚèĎÿåŻ¿çL’ĞïijŇæIJL’3690åijăåŻ¿çL’ĞæŸŕçňŚèĎÿåŻ¿çL’ĞãĂĆæŢřæ őåůőåijĆå¿Ĺåd’ğãĂĆ
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CHAPTER 8

æŢřæ őéćĎåd’ĎçŘĘ

éęŰåĚĹåŕijåĚěçŻÿåžŤçŽĎåŇĚïijŽ

from sklearn.preprocessing import LabelEncoder
from sklearn.model_selection import train_test_split
from sklearn.metrics import classification_report
from keras.preprocessing.image import img_to_array
from keras.utils import np_utils
from imutils import paths
import matplotlib.pyplot as plt
import numpy as np
import imutils
import cv2
import os

from keras.models import Sequential
from keras.layers.convolutional import Conv2D
from keras.layers.convolutional import MaxPooling2D
from keras.layers.core import Activation
from keras.layers.core import Flatten
from keras.layers.core import Dense

dataset_dir = os.path.abspath(r"./SMILEs/") #smileæŢřæ őéŻĘèůŕå¿Ď
model_dir = os.path.abspath(r"./model/lenet.hdf5")
→˓#èő çżČæĺąåd̄Ńä£İå Ÿèůŕå¿Ď

data = []
labels = []
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for imagePath in sorted(list(paths.list_images(dataset_dir))):
image = cv2.imread(imagePath)
image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) #

→˓è¡ňæ ćǽLŘçĄřåžęåŻ¿åČŔ
image = imutils.resize(image, width = 28)

→˓#åřĘåŻ¿åČŔåřžåŕÿæŤźǽLŘ28*28
image = img_to_array(image) #ä¡£çŤĺKerasçŽĎimg_to_

→˓arrayè¡ňæ ćǽLŘæţőçĆźåd̄ŃåŠŇïij́L28*28*1ïijL’ïijŇä¿£äžŐæŐěäÿŃæİěçěd̄çżŔç¡ŚçżIJå ęäźă
data.append(image)

label = imagePath.split(os.path.sep)[-3]
label = "smiling" if label == "positives" else "not_smiling"

→˓#åęĆæd̄IJlabelå ŮçňęäÿšéĞŇéİćæIJL’positiveåřśéĞ åŚ¡åŘ äÿžsmiling
labels.append(label)

# åřĘdataåŠŇlabelséČ¡è¡ňæ ćäÿžnumpyçśżåd̄Ń
data = np.array(data, dtype= "float") / 255.0 #åřĘåČŔçt’ăè¡ňæ ćǻLř[0,
→˓ 1]èŇČåŻt’äźŃåĘĚ
labels = np.array(labels)

# åŕźlabelè£ŻèąŇone-hotçijŰçăĄ
le = LabelEncoder().fit(labels) #
→˓LabelEncoderåŔŕäżěåřĘæăĞç ¿ǻLĘéĚ äÿĂäÿł0âĂŤn_classes-
→˓1äźŃéŮt’çŽĎçijŰçăĄ

# transformçŤĺæİěæăĞåĞĘåŇŰïijŇåřĘlabelsäÿ 'not_smiling
→˓'åŠŇâĂŸsmilingâĂŹçŽĎæŢřæ őè¡ňæ ćǽLŘ0åŠŇ1çŽĎå¡ćåijŔ
labels = np_utils.to_categorical(le.transform(labels), 2) #
→˓2æŸŕnum_classèąĺçd’žè¿ŞåĞžçŽĎæŸŕ2ǻLŮæŢřæ őçŽĎæĎŔæĂİ

äÿŃéİćéIJĂèęĄèğčåĘşäÿĂäÿŃæăůæIJňäÿ åźşèąąéŮőéćŸãĂĆ

æŢřæ őéŻĘéĞŇéİćæIJL’9475äÿłçňŚèĎÿæăůæIJňïijŇåŠŇ3690äÿłéİd̄çňŚèĎÿæăůæIJňãĂĆäÿŃéİćçŽĎäżčçăĄäÿ classTotalsåřśæŸŕæŇL’åĹŮåŁăåŠŇlabelsçŽĎone-
hotçijŰçăĄïijŇæL’ĂäżěçżŞæd̄IJæŸŕ[9475, 3690] æĹŚäżňèęĄèğčåĘşæŢřæ őäÿ åźşèąąéŮőéćŸåŔŕäżěä¡£çŤĺclassWeightæİČéĞ ïijŇçŻÿæŕŤäžŐçňŚèĎÿïijŇæĹŚäżňçżŹéİd̄çňŚèĎÿäżě2.56åĂ çŽĎæİČéĞ ãĂĆæ §åd’śåĞ¡æŢřæİČéĞ èőąçőŮçŽĎæŮűåĂŹåŕźéİd̄çňŚèĎÿè£ŻèąŇçŻÿåžŤæL’l’åd’ğïijŇäżěæ d’æİěèğčåĘşæŢřæ őäÿ åźşèąąéŮőéćŸãĂĆ

classTotals = labels.sum(axis=0)
classWeight = classTotals.max() / classTotals

stratifyæŸŕäÿžäžĘä£İæŇĄsplitåL’ çśżçŽĎåĹĘåÿČãĂĆæŕŤåęĆæIJL’100äÿłæŢřæ őïijŇ80äÿłåśd̄äžŐAçśżïijŇ20äÿłåśd̄äžŐBçśżãĂĆåęĆæd̄IJtrain_test_split(âĂę
test_size=0.25, stratify = y_all), éĆčäźĹsplitäźŃåŘŐæŢřæ őåęĆäÿŃïijŽ

training: 75äÿłæŢřæ őïijŇåĚűäÿ 60äÿłåśd̄äžŐAçśżïijŇ15äÿłåśd̄äžŐBçśżãĂĆ

testing: 25äÿłæŢřæ őïijŇåĚűäÿ 20äÿłåśd̄äžŐAçśżïijŇ5äÿłåśd̄äžŐBçśżãĂĆ

çŤĺäžĘstratifyåŔĆæŢřïijŇtrainingéŻĘåŠŇtestingéŻĘçŽĎçśżçŽĎæŕŤä¿ŃæŸŕ AïijŽB=
4ïijŽ1ïijŇç L’åŘŇäžŐsplitåL’ çŽĎæŕŤä¿ŃïijĹ80ïijŽ20ïijL’ãĂĆéĂŽåÿÿåIJĺè£Źçğ çśżåĹĘåÿČäÿ åźşèąąçŽĎæČĚåĘţäÿŃäijŽçŤĺåĹřstratify

(trainX, testX, trainY, testY) = train_test_split(data, labels,
→˓test_size = 0.20,

stratify = labels,
→˓random_state = 42) (äÿŃéąţçżğçż )
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CHAPTER 9

ä¡£çŤĺLeNetåőd̄çŐřçňŚèĎÿæčĂæţŃåĹĘçśż

äÿŃéİćæŸŕæĺąåd̄Ńåőd̄çŐřéČĺåĹĘïijŽ

model = Sequential()

# first set of CONV => RELU => POOL layers
model.add(Conv2D(input_shape=(28, 28, 1), kernel_size=(5, 5),
→˓filters=20, activation='relu'))
model.add(MaxPooling2D(pool_size=(2,2), strides=2, padding='same'))

# second set of CONV => RELU => POOL layers
model.add(Conv2D(kernel_size=(5, 5), filters=50, activation='relu',
→˓ padding='same'))
model.add(MaxPooling2D(pool_size=(2,2), strides=2, padding='same'))

# first (and only) set of FC => RELU layers
model.add(Flatten())
model.add(Dense(500, activation='relu'))

model.add(Dense(2, activation='softmax'))

model.compile(loss = "binary_crossentropy", optimizer = "adam",
→˓metrics = ["accuracy"])

H = model.fit(trainX, trainY, validation_data = (testX, testY),
class_weight = classWeight, batch_size = 64, epochs =

→˓15, verbose = 1) #verbose = 1æŸ¿çd’žè£Żåžęæİą

kerasæšąæIJL’çŻt’æŐěåŔŕäżěçż§èőąrecallåŠŇf1åĂijçŽĎåŁd̄æşŢãĂĆåŔŕäżěçŤĺsklearnãĂĆ
ä¡ĘæŸŕsklearnæšąæIJL’åŁd̄æşŢçŻt’æŐěåd’ĎçŘĘKerasçŽĎæŢřæ őïijŇæL’ĂäżěèęĄçżŔè£ĞäÿĂäžŻåd’ĎçŘĘãĂĆKerasèőąçőŮéIJĂèęĄäžŇçżt’æŢřçżĎïijŇä¡Ęclassification_reportåŔŕäżěåd’ĎçŘĘçŽĎæŸŕäÿĂçżt’æŢřåĹŮïijŇæL’Ăäżěè£ŹéĞŇä¡£çŤĺargmaxæŇL’èąŇè£ŤåŻd̄äžŇçżt’æŢřçżĎæIJĂåd’ğçt’ćåijŢïijŇè£Źæăůäź§çőŮæŸŕäÿĂçğ 0-
1æăĞç ¿çŽĎåĹŠåĹĘäžĘãĂĆ
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predictions = model.predict(testX, batch_size = 64)

print(classification_report(testY.argmax(axis = 1), predictions.
→˓argmax(axis = 1),

target_names = le.classes_)) # le.
→˓classesæŸŕ['not_smiling', 'smiling']çżĎǽLŘçŽĎæŢřçżĎ

model.save(model_dir)

è¿ŞåĞžçżŞæd̄IJïijŽ

precision recall f1-score support

not_smiling 0.95 0.91 0.93 1895
smiling 0.79 0.87 0.83 738

avg / total 0.90 0.90 0.90 2633

plt.style.use("ggplot")
plt.figure()
plt.plot(np.arange(0, 15), H.history["loss"], label = "train_loss")
plt.plot(np.arange(0, 15), H.history["val_loss"], label = "val_loss
→˓")
plt.plot(np.arange(0, 15), H.history["acc"], label = "acc")
plt.plot(np.arange(0, 15), H.history["val_acc"], label = "val_acc")
plt.title("Training Loss and Accuracy")
plt.xlabel("Epoch")le
plt.ylabel("Loss/Accuracy")
plt.legend()
plt.show()
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CHAPTER 10

äžžèĎÿæčĂæţŃåőd̄çŐř

è£ŹéĞŇä¡£çŤĺOpenCVçŽĎHaarçL’źå¿ĄåŠŇçžğèĄŤåĹĘçśżåŹĺæİěåőd̄çŐřåőd̄æŮűäžžèĎÿæčĂæţŃïijŇåĚşäžŐHaarçL’źå¿ĄåŠŇçžğèĄŤåĹĘçśżåŹĺçŽĎçŘĘèőžç§ěèŕĘïijŇåŔŕäżěçIJŃè£ŹéĞŇ

æĹŚäżňåIJĺäżčçăĄäÿ ä¡£çŤĺäžĘOpenCVè£ŹäÿłåůěåĚůæİěåĚůä¡Şåőd̄çŐřïijŇåIJĺOpenCVäÿ ïijŇçŻÿåžŤçőŮæşŢéČ¡åůšçżŔåĄŽåě¡äžĘåřĄèčĚïijŇçŻt’æŐěèřČçŤĺåřśåŔŕäżěäžĘãĂĆåĂijå¿ŮäÿĂæŔŘçŽĎæŸŕïijŇäžžèĎÿæčĂæţŃçŽĎæĺąåd̄ŃåůšçżŔæŔŘåL’ èő çżČåě¡äžĘïijŇè£ŹéĞŇæĹŚäżňçŻt’æŐěèřČçŤĺæĺąåd̄ŃåřśåŔŕäżěåIJĺïijŇæŸŕäÿĂäÿłXMLæăijåijŔçŽĎæŰĞäżűâĂIJhaarcascade_frontalface_default.xmlâĂİïijŇäÿĂèĹňåIJĺopencv-
3.4\opencv\sources\data\haarcascadesèůŕå¿ĎäÿŃåŔŕäżěæL’¿åĹřãĂĆäÿŃéİćæŸŕåĚůä¡ŞäżčçăĄåőd̄çŐřïijŽ

from keras.preprocessing.image import img_to_array
from keras.models import load_model
import numpy as np
import imutils
import cv2
import os
import argparse

ap = argparse.ArgumentParser()
ap.add_argument("-c", "--cascade", required= True,

help= "path to where the face cascade resides")
ap.add_argument("-m", "--model", required= True,

help= "path to pre-trained smile detector CNN")
ap.add_argument("-v", "--video",

help="path to the (optional) video file")
args = vars(ap.parse_args())

detector = cv2.CascadeClassifier(args["cascade"])
→˓#äżŐåŕźåžŤèůŕå¿Ďäÿ åŁăè¡¡äžžèĎÿæčĂæţŃçžğèĄŤǻLĘçśżåŹĺ
model = load_model(args["model"])

#
→˓åŕźæŸŕäżŐçŻÿæIJžäÿ æčĂæţŃäžžèĎÿè£ŸæŸŕäżŐèğĘéćŚäÿ æčĂæţŃäžžèĎÿåĄŽǻLd’æŰ
if not args.get("video", False):

(äÿŃéąţçżğçż )
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(çż äÿŁéąţ)

camera = cv2.VideoCapture(0)
else:

camera = cv2.VideoCapture(args["video"])

while True:

#
→˓grabbedåŠŇframeæŸŕreadçŽĎäÿd’äÿłè£ŤåŻd̄åĂijïijŇgrabbedæŸŕåÿČåřŤçśżåd̄ŃçŽĎè£ŤåŻd̄åĂijïijŇåęĆæd̄IJèŕżåŔŰåÿğæŸŕæ čçąőçŽĎè£ŤåŻd̄TrueïijŇå¡ŞæŰĞäżűèŕżǻLřçżŞåř¿çŽĎæŮűåĂŹè£ŤåŻd̄False
# frameæŸŕæŕŔäÿĂåÿğçŽĎåŻ¿åČŔïijŇæŸŕäÿĂäÿłäÿL’çżt’ç§l’éŸţ

(grabbed, frame) = camera.read()

if args.get("video") and not grabbed:
break

frame = imutils.resize(frame, width = 300)
→˓#æŁŁåŻ¿åČŔåő¡åžęéĞ æŰřæŇĞåőŽäÿž300åČŔçt’ă

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
→˓#åŻăäÿžæĺąåd̄Ńèő çżČæŸŕåŕźçĄřåžęåŻ¿åČŔåd’ĎçŘĘïijŇæL’Ăäżěè£ŹéĞŇèęĄè¡ňæ ćǽLŘçĄřåžęåŻ¿åČŔ

frameClone = frame.copy()
→˓#éĞ æŰřåĚŃéŽĘframeïijŇçŤĺäžŐæŐěäÿŃæİěçżŸǻLűè¿źçŢŇæąĘ

rects = detector.detectMultiScale(gray, scaleFactor=1.1,
→˓minNeighbors=5, minSize=(30, 30),

flags=cv2.CASCADE_SCALE_IMAGE)

for (fX, fY, fW, fH) in rects:
roi = gray[fY:fY + fH, fX:fX + fW]
roi = cv2.resize(roi, (28, 28))
roi = roi.astype("float") / 255.0
roi = img_to_array(roi)
roi = np.expand_dims(roi, axis = 0)

(notSmiling, smiling) = model.predict(roi)[0]
label = "Smiling" if smiling > notSmiling else "Not Smiling"

cv2.putText(frameClone, label, (fX, fY - 10), cv2.FONT_
→˓HERSHEY_SIMPLEX,

0.45, (0, 0, 255), 2)
cv2.rectangle(frameClone, (fX, fY), (fX + fW, fY + fH),

(0, 0, 255), 2)

cv2.imshow("Face", frameClone)

if cv2.waitKey(1) & 0xFF == ord("q"):
break

camera.release()

(äÿŃéąţçżğçż )
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cv2.destroyAllWindows()

10.1 detector.detectMultiScale

è£ŹéĞŇïijŇåŕźdetector.detectMultiScaleåĄŽäÿĂçĆźèŕt’æŸŐïijŽ

äÿžäžĘæčĂæţŃåĹřäÿ åŘŇåd’ğåřŔçŽĎçŻőæăĞïijŇäÿĂèĹňæIJL’äÿd’çğ åĄŽæşŢïijŽéĂŘæ ěçijl’åřŔåŻ¿åČŔïijŻæĹŰèĂĚïijŇéĂŘæ ěæŤ¿åd’ğæčĂæţŃçłŮåŔčãĂĆçijl’åřŔåŻ¿åČŔåřśæŸŕæŁŁåŻ¿åČŔéŢ£åő¡åŘŇæŮűæŇL’çĚğäÿĂåőŽæŕŤä¿ŃïijĹéżŸèőd’1.1
or 1.2ïijL’éĂŘæ ěçijl’åřŔïijŇçĎűåŘŐæčĂæţŃïijŻæŤ¿åd’ğæčĂæţŃçłŮåŔčæŸŕæŁŁæčĂæţŃçłŮåŔčéŢ£åő¡æŇL’çĚğäÿĂåőŽæŕŤä¿ŃéĂŘæ ěæŤ¿åd’ğïijŇè£ŹæŮűä¡ äžŐæčĂæţŃçłŮåŔčåĘĚçŽĎçL’źå¿Ąäź§äijŽåŕźåžŤæŤ¿åd’ğïijŇçĎűåŘŐæčĂæţŃãĂĆåIJĺéżŸèőd’çŽĎæČĚåĘţäÿŃïijŇOpenCVæŸŕéĞĞåŔŰéĂŘæ ěçijl’åřŔçŽĎæČĚåĘţïijŇåęĆäÿŃåŻ¿æL’Ăçd’žïijŇæIJĂåĚĹæčĂæţŃçŽĎåŻ¿çL’ĞæŸŕåžŢéČĺéĆčåijăåd’ğåŻ¿ãĂĆ

image

çĎűåŘŐïijŇåŕźåžŤæŕŔåijăåŻ¿ïijŇçžğèĄŤåĹĘçśżåŹĺçŽĎåd’ğåřŔåŻžåőŽçŽĎæčĂæţŃçłŮåŔčåŹĺåijĂåğŃéĄ åŐĘåŻ¿åČŔïijŇäżěä¿£åIJĺåŻ¿åČŔæL’¿åĹřä¡ ç¡őäÿ åŘŇçŽĎçŻőæăĞãĂĆåŕźçĚğçĺŃåžŔæİěçIJŃïijŇè£ŹäÿłåŻžåőŽçŽĎåd’ğåřŔåřśæŸŕäÿŁåŻ¿çŽĎçžćèL’šæąĘãĂĆ

void CascadeClassifier::detectMultiScale( InputArray image,
Âă Âă Âă Âă Âă Âă Âă Âă Âă Âă ÂăCV_OUT std::vector<Rect>& objects,
Âă Âă Âă Âă Âă Âă Âă Âă Âă Âă Âădouble scaleFactor,
Âă Âă Âă Âă Âă Âă Âă Âă Âă Âă Âăint minNeighbors, int flags,
Âă Âă Âă Âă Âă Âă Âă Âă Âă Âă ÂăSize minSize,
Âă Âă Âă Âă Âă Âă Âă Âă Âă Âă ÂăSize maxSize )

åŔĆæŢř1ïijŽimage–å¿ĚæčĂæţŃåŻ¿çL’ĞïijŇäÿĂèĹňäÿžçĄřåžęåŻ¿åČŔäżěåŁăå£ńæčĂæţŃéĂ§åžęïijŻ

åŔĆæŢř2ïijŽobjects–èćńæčĂæţŃçL’l’ä¡ŞçŽĎç§l’å¡ćæąĘåŘŚéĞŔçżĎïijŻäÿžè¿ŞåĞžéĞŔïijŇåęĆæ§ŘçL’źå¿ĄæčĂæţŃç§l’éŸţMat

åŔĆæŢř3ïijŽscaleFactor–èąĺçd’žåIJĺåL’ åŘŐäÿd’æňąçŻÿçżğçŽĎæL’ńæŔŔäÿ ïijŇæŘIJçt’ćçłŮåŔčçŽĎæŕŤä¿ŃçşżæŢřãĂĆéżŸèőd’äÿž1.1å şæŕŔæňąæŘIJçt’ćçłŮåŔčä¿İæňąæL’l’åd’ğ10%

åŔĆæŢř4ïijŽminNeighbors–èąĺçd’žæd̄ĎæĹŘæčĂæţŃçŻőæăĞçŽĎçŻÿéĆżç§l’å¡ćçŽĎæIJĂåřŔäÿłæŢř(éżŸèőd’äÿž3äÿł)ãĂĆ
åęĆæd̄IJçżĎæĹŘæčĂæţŃçŻőæăĞçŽĎåřŔç§l’å¡ćçŽĎäÿłæŢřåŠŇåřŔäžŐ
min_neighbors - 1 éČ¡äijŽèćńæŐŠéŹd’ãĂĆ åęĆæd̄IJmin_neighbors äÿž 0,
åĹŹåĞ¡æŢřäÿ åĄŽäżżä¡ŢæŞ ä¡IJåřśè£ŤåŻd̄æL’ĂæIJL’çŽĎèćńæčĂåĂŹéĂL’ç§l’å¡ćæąĘïijŇ
è£Źçğ èő¿åőŽåĂijäÿĂèĹňçŤĺåIJĺçŤĺæĹůèĞłåőŽäźL’åŕźæčĂæţŃçżŞæd̄IJçŽĎçżĎåŘĹçĺŃåžŔäÿŁïijŻ
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åŔĆæŢř5ïijŽflags=0ïijŽåŔŕäżěåŔŰåęĆäÿŃè£ŹäžŻåĂijïijŽ CAS-
CADE_DO_CANNY_PRUNING=1, åĹl’çŤĺcannyè¿źçijŸæčĂæţŃæİěæŐŠéŹd’äÿĂäžŻè¿źçijŸå¿ĹåřŚæĹŰèĂĚå¿Ĺåd’ŽçŽĎåŻ¿åČŔåŇžå§§
CASCADE_SCALE_IMAGE=2, æ čåÿÿæŕŤä¿ŃæčĂæţŃ CAS-
CADE_FIND_BIGGEST_OBJECT=4, åŔłæčĂæţŃæIJĂåd’ğçŽĎçL’l’ä¡Ş CAS-
CADE_DO_ROUGH_SEARCH=8 åĹİçŢěçŽĎæčĂæţŃ 6. minObjectSize maxObject-
SizeïijŽåŇźéĚ çL’l’ä¡ŞçŽĎåd’ğåřŔèŇČåŻt’

åŔĆæŢř6ãĂĄ7ïijŽminSizeåŠŇmaxSizeçŤĺæİěéŹŘåĹűå¿ŮåĹřçŽĎçŻőæăĞåŇžå§§çŽĎèŇČåŻt’ãĂĆäź§åřśæŸŕæĹŚæIJňæňąèő çżČå¿ŮåĹřåőd̄éŹĚéąźçŻőåřžåŕÿåd’ğåřŔ
åĞ¡æŢřäżŃçż ïijŽ detectMultiscaleåĞ¡æŢřäÿžåd’Žåřžåžęåd’ŽçŻőæăĞæčĂæţŃïijŽ
åd’ŽåřžåžęïijŽéĂŽåÿÿæŘIJçt’ćçŻőæăĞçŽĎæĺąæİ£åřžåŕÿåd’ğåřŔæŸŕåŻžåőŽçŽĎïijŇä¡ĘæŸŕäÿ åŘŇåŻ¿çL’Ğåd’ğåřŔäÿ åŘŇïijŇæL’ĂäżěçŻőæăĞåŕźèśąçŽĎåd’ğåřŔäź§æŸŕäÿ åőŽçŽĎïijŇæL’Ăäżěåd’Žåřžåžęå şäÿ æŰ çijl’æŤ¿åŻ¿çL’Ğåd’ğåřŔïijĹçijl’æŤ¿åĹřäÿŐæĺąæİ£åŇźéĚ ïijL’ïijŇéĂŽè£Ğæĺąæİ£æżŚåŁĺçłŮåĞ¡æŢřæŘIJçt’ćåŇźéĚ ïijŻåŘŇäÿĂåL’ŕåŻ¿çL’ĞåŔŕèČ¡åIJĺäÿ åŘŇåřžåžęäÿŃéČ¡å¿ŮåĹřåŇźéĚ åĂijïijŇæL’Ăäżěåd’ŽåřžåžęæčĂæţŃåĞ¡æŢřdetectMultiscaleæŸŕåd’ŽåřžåžęåŘĹåźűçŽĎçżŞæd̄IJãĂĆ
åd’ŽçŻőæăĞïijŽéĂŽè£ĞæčĂæţŃçňęåŘĹæĺąæİ£åŇźéĚ åŕźèśąïijŇåŔŕå¿ŮåĹřåd’ŽäÿłçŻőæăĞïijŇåİĞè¿ŞåĞžåĹřobjectsåŘŚéĞŔéĞŇéİćãĂĆ

minNeighbors=3ïijŽåŇźéĚ æĹŘåŁ§æL’ĂéIJĂèęĄçŽĎåŚĺåŻt’ç§l’å¡ćæąĘçŽĎæŢřçŻőïijŇæŕŔäÿĂäÿłçL’źå¿ĄåŇźéĚ åĹřçŽĎåŇžå§§éČ¡æŸŕäÿĂäÿłç§l’å¡ćæąĘïijŇåŔłæIJL’åd’Žäÿłç§l’å¡ćæąĘåŘŇæŮűå ŸåIJĺçŽĎæŮűåĂŹïijŇæL’ èőd’äÿžæŸŕåŇźéĚ æĹŘåŁ§ïijŇæŕŤåęĆäžžèĎÿïijŇè£ŹäÿłéżŸèőd’åĂijæŸŕ3ãĂĆ

åŻăäÿžäżčçăĄäÿ ä¡£çŤĺäžĘargparseïijŇæL’ĂäżěåŔŕäżěéĂŽè£ĞåŚ¡äżd’æİěæŇĞåőŽïijŇåęĆæd̄IJæŸŕæČşçŤĺwebcamïijĹPCèĞłåÿęæŚĎåČŔåd’t’ïijL’çŽĎèŕİïijŇåŔŕäżěè¿ŞåĚěïijŽ

python detect_smile.py --cascade haarcascade_frontalface_default.xml
--model output/lenet.hdf5

åęĆæd̄IJæŸŕçŤĺèğĘéćŚçŽĎèŕİïijŇåŔŕäżěè¿ŞåĚěåęĆäÿŃåŚ¡äżd’ïijŽ

python detect_smile.py --cascade haarcascade_frontalface_default.xml
--model output/lenet.hdf5
--video path/to/your/video.mov
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