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CHAPTER 1

OpenCVayycTizeSma;lJ

1.1 eOuaRU=LgeaNa=UuéeUt

getTickCount()iijZ¢Tiaz0ee TaZdaz02Smi; L cszcz§ ARFALIALFA; SAL me L A czR¢ZDeGae UtiaSize]
getTickFrequency()'l'ij2g’i‘l'éii6é£ri‘éZdCPUgilv)ééSgééﬁAéget Tick  Frequen-
cyaACe£ZéGN¢ZDamT4;mae Yi¢gSiijNaz§arsae YrayA ¢gSaFEEéGmad’ meZDenae TraAC

double t = getTickCount ();
Mat kernal = (Mat_<char> (3, 3) << 0, -1, O,
71/.,.

-5, -1,

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

e£76GNe Y afzc§l 6 Y 12Ol eE 2 Smid; IcZDiy Adiite UtéUt ¢2§26aiijNaEGiymsrcaSNdstéCiae Y fizNAL




CHAPTER 2

afzaZ ; aCR¢ZDagzaelJhae SmajlJ

2.1 akaejjaAAaLoxeTzaSNatLlamYaZ;aCR

2.1.1 akaejjaZ¢aCRiijLcv::imreadiijl
imreadak §eC e Yiakiae; 47, ACR2UGizte LR 4y74y AdjiMatarzesaiijNaEdaymeniiay AajtaR CaTrealcc
chnidzNaytaR CeeTriijNealcd 7aka2 ¢ ZDa7; ACR= Y fizA#z1¢szadNiijNe TreNAa e g AcZDEyL dytaR«
« IMREAD_UNCHANGED (<0) &al¢d 74k.48;40837, iijNiymaAZ4774; Te TZaRY
« IMREAD_GRAYSCALE ( O)ealcd z2b £.a08§47, 4; 1Ty zcAtazeaZ ACRALAS | e£ Za e
« IMREAD_COLOR (>0) ealcd 72EE40847, 41Jiy?RGBaZ ACRALAe| je£Z 28
aesieDRiijZ0penCVa TieNAJPGiAAPNGaA ATIFFclL 4y yeg AxiijaijRaZ, sCRe UGHzGE A2

2.2 &Y¢cd'zaZ¢aCRiijLcv::namedWindos
ayOcv::imshowiijL’

namedWindosak.§eC;e Y1al.Zaz74y Aa§10penCVctUAR N6 Ce Y ic TSOpenC Ve GlakIaLZaz74yOéGE
ayyegAcTizsTnamedWindow(aAITWindow TitleAAl, WINDOW_AUTOSIZE)

« WINDOW_AUTOSIZEiijZeGlak iz izem63Z; ACRAd 3aiRiijNae ¥ ; cd ZctUAREAd garRiijNayjmeC;azzas
« WINDOW_NORMAL,26§QTéZExLReZD2UtiaAZiijZ4; £c TlijNAEAGY £ 62 TZzctUAREAd BaIR
imshowzi7em5ctUARCARMe 3T Y | ¢d 787 ACRALFeNG46ZcZDctUaRE A0 7i1jNeiiiy AdytaRCa Tia
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2.2.1 a£6aeTzaZ¢aCRiijLcv::cvtColoriijL

cvtColorgZDak §eCia YiebaZ, 4CRAzOay Adyta; I eL il 26Ut &; neméal taRead Uay Ayt 34;1 ¢l 26U
dAACOLOR_BGR2GRAYcal

cvtColor ( image, gray_image, COLOR_BGR2GRAY );

2.2.2 afiamYaZ;aCRiijLecv::imwriteiijL
ifiamY a7, ACReUGHzGALTeNGAGZ¢Z64; Tetra; D
dRtelJL 84 ;miAA16:;mcZDPNGaAAJPGAAATiffeUGizieiijaijReEANEy T YIAWTEAZEAS 2L U AE y
a£1amY PNGeiijaijReZDae UtGaAZaR fizea£ [amY 6 AR YOSAZEAS¢ZDAZ; L G
aRfiz8eNGa6Za0N¢ijl ARCaTF

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

using namespace cv;

int main (int argc, charxx argv) {
Mat src = imread("D:/1.7pg");
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); //
eG14714; 41 jREZ; ACRAd’ J4FR11 jNEeANEy T4 ymaRFeTZ4RY

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 Matarzesa

Matifze$a0penCV2.04zNaRO&ijTe£Z¢ZDaZ ACR= TreméczSedDIA ASGILIAL ECEmAEEmY dA Aym

2.3. Matarzesa 3
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W

cv:MatdLEiyzayd ay16CIalEiijNad ¢ éClayOx Trem6éCIALEAACAd t éCIANEAR(EZEc§ I éYi¢ZDzL Aa
& Trem6alUsNEAR147E47; ACRiymel A=lJL aCRct 3¢ZDAAijaAC

2.3.1 MatarzesaaedDéAaaGieTrayOayycTieeUzaesT
ayycTimdDéAaaGi=Tr

Mat ()
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)

Mat (int ndims, const int *sizes, int type)

Mat (int ndims, const int *sizes, int type, const Scalar &s) image

elJAdyzeeAcZD= Y AL méicayd sy L aytiijNayyc TIaAC

ayycTieUzaesT
« Mat clone()iijZasNaEleNuaet I écUSELsrcé AZe£GimreadefzaR Uy AijaaZ; 4CRiijNeOsayNaelsiijZ
Mat dst = src.clone();

imshow ("output", dst);

ar$iijZA6NAEIAENEZEay Adijaiay AelaiyAeincZDaz ACRAAC
« void copyTo(Mat mat)iijZaéNaEleNuet I

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

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

aoNaEiad’maLiiseCadlleCsebt MatirzesacZDad ¢ éCI1aSNa TremséClALEay Actaad malhiijNaR fizé

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

« void convertTo(Mat dst, int type)iijZ¢Tiiz0e£ZeaNe e TiemGcszadNe;femé

2.3. Matarzesa 4
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deCaELLCV_8UCIenxmcal.ifCV32F146dcOraeCayNiijZ

src.convertTo (dst, CV_32F);

« int channels()iijZe§écIJNaZ; ACREAZEAS=eCEAEL

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);

aRfiz84RScOMRY ®LR¢ATa7¢47 ACRAZNARO; SAG76 AZ6AS @ TraRY 5y 1
« uchar* ptr(i=0)iijZeOuaRUAZ L GACRet aaE G ;S AijiijNicalcd’ zeaNae TF

Mat dst;

cvtColor (src, dst, CV_BGR2GRAY);

const uchar xfirstRow = dst.ptr<uchar> (0);
printf ("first pixel value : %d", xfirstRow);
imshow ("output", dst);

e£Zzatzl SaznarsaRrizéeOuaR Uiy AeaNennay AayjtaCRet acZDc AfazeaAijifae AfazEaAC
* .cols, .rows'l'ijZééﬁﬁﬁﬁéaNaeTf‘éSNéiﬁaeTf‘

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);

edDéAdaGi=eTiczgczmay a¢ N(Matarzesaalzazz)

deCadlle Y iyl 4yt AZEASIijZ

Mat M(3, 3, Cv_8UC3, Scalar (0, 0, 255)); //
wscaleeeAdSNEAZEASeTIcrE8VASGE
cout << "M:" << endl << M << endl;

AEdayma L mayd aylaR CeTrALEALRealcd’ZéaN (row)ea $AL U(column)aA AciinayLaytCV_8UC3i
Scalar¢zZ=iRiyAiylé AZEASetNay AiytaAijiijNenniay AdytaSNeiinazNajté AZEAScZDAaAIjAECIéC a

[ O, 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]

deCadlJaRY 2L R4ZE4yA4ytéAZEASTI]Z

2.3. Mat

Qe
-
N-
o
(7,8
Q
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Mat M(100, 100, CV_8UC1l, Scalar(127)); //
wscaleeeAdSNEAZEASeTTcLZE4VASGE”

creatalZazzarzésa

Mat ml;

ml.create(src.size (), src.typel());
ml = Scalar (0, 0, 255);

imshow ("output", ml);

éZualiagNaN(

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

v 7 v

2.4 arzaCRctacZDaeSeijlJ

o efzayAGTFIGRAYACR et icCicZDACRet 22 AijiijLCV_8UCTiijL

Scalar intensity
/ /2L UeAE
Scalar intensity = img.at<uchar> (Point (x, Vy));

img.at<uchar> (y, x);

aE0d; SazEcaAiijZ

//SMTEAZEAS
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);

e£74ytizcciAa6dcOreRiytaCR et 4cZDACRet #aAij4, Ut 72 i Smi; 1JAAC

2.4. arzaCRctacZDaeSmi;lJ 6
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efzaEZayL éAZéASaCRcta

Vec3f intensity = img.at<Vec3f>(y, x);
float blue = intensity.vall[O0];

float green = intensity.vall[l];

float red = intensity.vall[2];

Vec3barzazTayLéAZéAScZDéazaiRaeY FbluedA AgreendA AredcZDucharcszadNaeTiem6iAC
Vec3farzazTayL éAZEéAScZDfloatcszadNae Temi
aB0i; Siz¢ciAdeCayNiijZ

//EVL EAZEAS

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+t+) {
for (int col = 0; col < width; col++) {
if (nc == 1) //
wdeCadlJeYrémTEAZEAST 1 jNaNL’ cEGE0SEELcZDaelZz81 jRe£ZeaNad’ DeRE
{

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

dst.at<uchar> (row, col) = 255 —
—gray;
}
else if (nc == 3) //deCedlj=eYriyL’éAZéAs
{
int b = dst.at<Vec3b> (row, col) [0];
int g = dst.at<Vec3b> (row, col)[1l];
int r = dst.at<Vec3b> (row, col) [2];
dst.at<Vec3b> (row, col) [0] = 255 —
—b;
dst.at<Vec3b> (row, col)[1l] = 255 —
=97
dst.at<Vec3b> (row, col)[2] = 255 —
~r;

}

4;ScDiiijNalIL & Zt 4y7c6AmTcZDa Smi; UiijNcT1a2046dcOraZ  ACRACR ¢t 3255 -
pixel

//EVL’ AZEAS
Mat dst;
dst.create(src.size(), src.typel());

(ayNéafczgc7m)

2.4. arzaCRctacZDaeSmi;lJ 7
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(c7miyt éat)

bitwise_not (src, dst);

bitwisea Y ijmeSmi; [JiijNnotze Y éide Smi; IJaACiz8 a2 Yi1aRY 2L.R0,04RY 2 LR 1AC

2.4. arzaCRctacZDaeSmi;lJ 8




CHAPTER 3

3.1 ¢§réYtaeOreElJ=SniilJ

L AeiSeOr eEIJAEGa6daise Y fay Aayicsl é Y iijNeDiaROxazemoet Zayic s 6 Y 16Gmae Ure6acoUaZ, ¢l
EeAn—43 * SHENES3 * SHIEHTIEE, BANEREEHE:

22 |22 |89 0 0 1 o |0 8

0 0 755 & 1 0 1 —-—-* 0 0 255

5 1o = : I 3 0 |o 23
EY4E mask AR

image

e£76GNiijNzLSizic Tz Or EziéeRRé1 Y 47 ACRafzei Tazea ACe TIaLicZD=Or (EN 2 Y fiijZ
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IG, ) =5*IG.))-[IG-L)+IG+L ) +I1G.j-D+ 1, j+1D)]«

-1 5 -1 o«

image

c7éeL 3 Yiayma£CAaCRet #iijNazOayEaLiayNiijNazOateal faRsarzefRaytaCRet 38AZaRNzdt¢ZDAad ]

dj£cTleUzesTaeCiyNiijZ
467471 20PeELJiijZMat kernel = (Mat_(3,3) << 0, -1, 0, -1, 5, -1, 0, -1, 0);

...... .

filter2D( src, dst, src.depth(), kernel );5Euaylsrcay6dstaer-
Mat¢$szadNaRYéEGRAA Asrc.deptheéaled’zi;maZ ; seusazeiijNelJL324AA24aAA8cml’aAC

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

using namespace cv;
using namespace std;

int main (int argc, charx* 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());

(ayNéafczgc7m)

3.1. c§réYtaeOreElJaSnijlJ 10
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(c7miyt éat)

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

¢Tie£ZcimeUzaesTarseRRENY 7EAZ; ACRcZDafzei TazeaACe L SizticzZfilter2Diz Azl aitcZDaOr &

3.1.1 aCRctaeNCazZtad’DcREsaturate_cast
« saturate_castiijL-100iijLiijNe£TaZd 0aAC
« saturate_castiijL.288iijLiijNe£Tazd255
« saturate_castiiji100iijLiijNe£TaZd100
e£Z41aG e TicZDAE §eCie YV icasaiRGBAAIja  UeNCAZY a1J10~255:42N6 U
3.2 a§zeeldnéYLaAijeSna;lJ
« éYLAaAijiazNaAijaNU(threshold binary)
eSiRL3ealcd 76 YLAAj¢z£iijNczéeL sealed 24CR ¢t 3cZDALEayCae CEAEAACEITAse AxsleDRcZDe Y it

i dst(z,y) = {maﬂal if src(z,y) > thresh
0 otherwise
' image
« éVLaAijaRmizNaAijaNU(threshold binary Inverted)
dst(z,y) = { 0 ifsrc(;;-:_‘y) > thresh
maxVal otherwise
image

o ®lteUn (truncate)

3.2. a§zaelJnéYLaAijeSea;lJ 11
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_ [ threshold ifsrc(z,y) > thresh
dst(z,y) = {src(z, y)  otherwise
image
» éYLaAijaRUé¢Zii (threshold to zero)
| ! dst(z,4) = { src(z,y) if src(aj'.y) > thresh
0 otherwise
" image
* éYLaAijaRmaRU¢Zii (threshold to zero inverted)
! dst(z,y) = { ifsrC(f: y) > thresh I i
src(z,y) otherwise
— — L image
£76GN¢274G2eNGiizd dRmcgiiijZ
Enumerator
THRESH_BINARY 1 if th h
maxva src(z res
dst(:c_.y): { (-vy) =
o otherwise
THRESH_BINARY _INV
- - 0 if src(z, v) > thresh
dst(z,y) = .
maxval otherwise
THRESH_TRUNC
- threshold if src(e,y) > thresh
dst(z,y) = .
src(z, v) otherwise
THRESH_TOZERO .
src(x,y) ifsrc(x,y) > thresh
dst(xz,v) = . -
0 otherwise
THRESH_TOZERO_INV
- - 0 if src(x,y) > thresh
dst(z,y) = . .
src(zx,y) otherwise
THRESH_MASK
THRESH_OTSU flag. use Otsu algorithm to choose the optimal threshold value
THRESH_TRIANGLE flag. use Triangle algorithm to choose the optimal threshold value image

eeAc§86ASCZD= Y fiijNe£Zaz TaytaAijaz TeréecnasRasZazL e£GiijNasdéZEayE AEGeCNAROALEAL iz
4iijNzL Aidz88EZ 2] R TramU0-4:z§= YiaRfizécZDaAC

ayNélce Y6 YLAAIjazNaAijaNUcZDiazecaAfiZ

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

(d4yNeéatczgczm)

3.2. a§zeeldnéYLaAijeSmijlJ
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(c7miyt éat)

using namespace cv;

Mat src, dst, gray_src;

int threshold_value = 127; //&CRct’daAi jaeYr0-
int threshold_max = 255;

const charx output_title = "binary image";

void Threshold Demo (int, woid+x);

int main(int argc, charxx argv) {

src = imread("D:/2.3pg");

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_
wvalue, threshold_max, Threshold_Demo); //3LZ&zz&yA&y eNUsZlela
Threshold_Demo (0, 0);

waitKey (0) ;
return 0;

void Threshold Demo (int, woidx*) {
cvtColor (src, gray_src, CV_BGR2GRAY);
threshold(gray_src, dst, threshold_value, threshold_max,
< THRESH_TOZERO_INV); //
walt’@lZe£76GNcZDaA1 j11i JNATFSARIFEzE46dcOr5cmMEYLEAT jaSmE | TTE | riamE
imshow (output_title, dst);

ayNélce YisaytaAijayAetial.Zaz7eNUaklelacZDae TLaedl)iijZ

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

using namespace CV;

Mat src, dst, gray_src;
int threshold_value = 127; //3CRct’ddAi jeyr0-

.....

(dyNéatezgczm)

3.2. a§zaelJnéYLaAijeSea;lJ 13
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(c7miyt éat)

int threshold_max = 255;

int type_value = 2;
int type_max = 4; //88Z42L7 5comMeSmE [ 1T,

w5cimMeSmE [ TJeL’ AdrZ82TcZDA6AEZESAT JALEALieY r0-4
const charx output_title = "binary image";
void Threshold Demo (int, woidx);

int main(int argc, charxx 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_
wvalue, threshold_max, Threshold_Demo); //3dLZ&zz&yA&y+eNUszlela
createTrackbar ("Type Value", output_title, &type_value,
type_max, Threshold_Demo); //dLZ&zz&yA&ytaeNUstlela
Threshold_Demo (0, 0);

waitKey (0);
return 0;

void Threshold_Demo (int, woidx) {
cvtColor (src, gray_src, CV_BGR2GRAY);
threshold(gray_src, dst, threshold_value, threshold_max,
~type_value); //
walt’e@lZe£76GNcZDaAI j11 jJNATFSARrEz846dcO0r5cMEYLEAT jaSma | ITE | ricmE
imshow (output_title, dst);

3.2. a§zaelJnéYLaAijeSea;lJ 14
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[ input image - [m} | m7 pinary image - [m} X

Thresh...ue: 127

Type Value: 2

1mshow(OoutTput_Ttitl

o GlaLI6ac6U6YLAaAIj
36dcOreUzesTe YT THRESH_OTSUASNTHRESH_TRIANGLE
e£74yd comae UzesTaRfaze¢ TlazO0eGlaki26ac6U Y LaAijiijNeCNAROEC @I L 4y AdzZaf 747 T¢ZDa Tia

threshold(gray_src, dst, threshold_value, threshold_max, THRESH_
~0TSU | type_value); //
walt’elZe£56GNcZDaA1 ji1 jNATSERFE2646AcOr5¢cMEYT.EA1 jeSmE [ TTE | ricmE

&/t ®T76£76GNASERFiz846dcOreGlaklesCe YLAALAAC

3.2. a§zaelJnéYLaAijeSea;lJ 15



CHAPTER 4

aZ;aCRaezd st

4.1 eGladZazl czSeAgaezd st

4.1.1 RobertcoUamR

//RobertclUsmMRATTI xaUZ4RS
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);

//RobertcSUSMREITI yaelUZz4RS
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);

v

4.1.2 SobercoUamR

// SobelclUSMRAIJTIxaUZaRS
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);

// SobelclUSMRAIJTIyaUz4RS
Mat kernal_y = (Mat_<int> (3, 3) << -1, -2, -1, 0O, O, O, 1, 2, 1);
filter2D(src, dst, src.depth(), kernal_y, Point (-1, -1), 0.0);

16
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v

4.1.3 &NLz=Z6eNL2UrcoUamR

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 eGladZazL amucgffilter2D

filter2D (

Mat src, //é;S3E&47Z:A4CR

Mat dst, // @lacstdZsaCR

int depth, // 4Z;4CRetisdze32/

811 jNdeCadIJEyMcSEEASEASINEC [ dEZézVe6d  @IJAAd JetisdZe
Mat kernel, // dmicgreay/

waelaelfii jNé; SAEScZDAMucTredyad’ JarRayAeLnéC eV FraSZeTr34AA58AA74AA9CML cAL’
Point anchor, // éTZ¢cCz& Mc;6iijNéTZ¢Czeit’ @088FR%7151-1, -
171 JL7 478481 72eG28218y84 [ dael’ ; 4LréTicCiciDaymasCa Mg &
double delta // édacdUadGzalécZDACRet’ d+delta

)

dEiym kernale Y AR 478 GA6Z421 ¢ZDamicgfedy

4.1. éGladvZazlczfaeAgezd st 17



CHAPTER 5

adDcRE&, zcijY

5.1 amicgré¢zcTNéUoécYaRLaEGad’'DcRE

5.1.1 &¢2cTNeU6écY

image

amicgre; 2¢TNEUG6Y & Y feNGeZDaz ACRamicgicZDeUtaAZe 2c TNACRt #iijNaymeCeénamicfa

5.1.2 adD¢RE

aJ{amacpraijAagNazNAL macdab a8 zcij Y 4CR ¢t #iijNaandBEcZDACR et 33 Aijiay70e . Ue AERGBézSeL
BORDER_DEFAULTiijNaemd dd’ Uayy¢TicZDe£ Y =1JL aeCayNaGag smiijZ

« BORDER_CONSTANTIijZ¢TiaNGasZaCRet adanakEe  zcij Y

« BORDER_REPLICATE;ijZ¢Tiatsc§ée zcijYaCRet 3aAijeléaanakke  zcijYACRet 23Aij

18
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« BORDER_WRAPiijZ¢TiaRead UayAe;z¢ZDaCRet fizideaéaALaanakE
ayNéiceYiczZa7; aCReGHGZazL etzak.ae Zcij Y

v s

copyMakeBorderiijZ¢zZaZ;3CRetzak.ae7cij YAPI

copyMakeBorderiiijL
Mat src, // &:S&E&az:AaCR
Mat dst, // ®0zakdé;zciiYazZ;aCR
int top, //_
eszciiVeéTEa%e11 JNEAYALLNEYVEEATNATGeARsEC | ARUCZVARNAAL §119N
int bottom,
int left,
int right,
int borderType // &:z¢ij¥¢ézAadN
Scalar value // ScalarcTlazdaNGasiédIgel’ s, e scij¥cézaaNays
~BORDER_CONSTANT &Ui1ijNaeIJL’ «TL
11917

ayNélcazeciARSTed 24y AayNaeCa; TaEdd; S £¢TliijZ

int top = (int)0.05xsrc.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);

e£72 Y a6Na Tt @ijTed 7477 sme UzaesTaeCi TALGemécZDizEciAiLZ

#include <opencvZ2/opencv.hpp>
#include <iostream>
#include <math.h>

using namespace cv;
Mat src, dst, kernal;

int main (int argc, charxx argv) {
src = imread("D:/1.7jpg");
if (!src.data) {
printf ("could not load image...\n");
return -1;

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

(dyNéatezgczm)

e

5.1. amucgreszcTNéUbécYaRLaE(lad' DcRE 19
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(c7miyt éat)

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); //cTSelRéZReIJZaeT
int borderType = BORDER_DEFAULT;

int ¢ = 0;
while (true)
{
c = waitKey (500);
if ((char)c ==27 ) //

—a&NL’ &YNETEcZYESCAFr 282 TcZDaeTraA1 ja4rsaeY 2711 jNEZS8FSaYFaNL’ SyNETScl Ya
{
break;
}
if ((char)c == 'r'")
{
borderType = BORDER_REPLICATE;
}
else if ((char)c == 'w')

{
borderType = BORDER_WRAP;

}
else if ((char) == '¢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)); //cTSxLR0O-
2555ZNEL'MEZReIJZEEIJeL’ 841 7
copyMakeBorder (src, dst, top, bottom, left, right,
—borderType, color);
imshow (OUTPUT_WIN, dst);

return O;

N18GZwhiled

cTNeUsé¢YaRLaEGad' DcRE 20

N-

5.1. amlc

(Q«
-
-

é



OpenCV, aRSayC 1.0

5.2 SobelcoUamR

v v A4 a4 A4 " v

5.2.1 amicgrcZDazTcTiiijZaZ¢aCRe¢ zcijYaRRaRU

& 2¢ij Yo Y147, aCRACR¢t 38R S¢T§= Y eSUiCet A¢ZDallie UziijNeAZe£GasCay A Y tidfije TFaR iz
delta = f(x) — f(x-1), deltadtE.ad’ giijNeft 2 YO4CRct 381X e UzaRSARY ANUeGEAd giijNe; z¢ij Y ifaaRis

f(t) - - ft) /

image

5.2.2 Sobelc6UamR

SobelgoUalRaRLecnggrayzayAeYuaGoaLEganlRuJNaesCarljganlRuJNaIJ [eeit 825aSNadCezt ayd’a

Y\ 2z 220w

differentiation operatoriijLiij NngaeIeeoqgoUgA_razeaZoaCRgZDe£Sa1] ijecétazeaAC
SoblecsUamRat.§2C;¢ZEARLénY @ UrazsezSaSNa; 6aL EesCafijaAC

~1 0 +1 -1 -2 -
Gy = |-2 0 +2| 1 Gy=10 0 0 [=*I
10 +1 +1 +2 +1

image

elSaztiazéeit dzsedtazeiyzi; NaACizUcZDait 4752 UzaRSayEEICARY ANUAmASLEcZDae YO Y iijN:
G=,/G2+ G2

G=1GJ+IGy
image

@®lJA¢zL.aZ; aCReétazeaeCiayhaZ, el Acd 7iijNay AeLiayzazEesl e6acoUell 2¢6UcZDeZt a£A4Y Ad77

5.2.3 SobelcoUamRAPI

:Sobel (

ononon

ononon

(ayNéafczgc7m)

5.2. Sobel¢éUamR 21
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(c7miyt éat)

int depth // &:5aGza%:aCRatsaze.

Int dx. //_
%X&UzaR81ljNaGaeYuarlj&IrlljNaeC&dIJ&Cg&sCx&UzaRSgZD&ﬂﬁéAZéfééél’e£Zayl&IféRﬁli
int ksize, SOBELganleernelad’garRlijNé£ﬁéq2a¥fléAA3éAA5éAA7éAA
double scale =1
double delta = 0
int borderType =
)

BORDER_DEFAULT

Input depth ( ) Output depth (ddepth)
CV_8U -1/CV_16SICV_32FICV_64F
CV_16U/CV_16S -1/CV_32FICV_64F
CV_32F -1/CV_32FICV_64F
CV_64F -1/CV_64F

image
2£76GNiEsizOmisizeert 4y AuyNiijNiZaay ze ACRZSayd 4ytaZ; & SCRACRet 34zN&UT ¢ZDau6aAljiijNal
1 arsaeYreand’ 76AL 2Nl aSNaO§AELcZDay Az atiijL

SobelgéUalRaeTié£ZgI?L‘iijZScharr

-3 0 +3]
G.=|-10 0 +10
-3 0 +3
-3 —-10 -37
Go=[0 0 0
+3 +10 +3

image

cv::Scharr (

InputArray Src // &;S3EE4Z;4CR

OutputArray dst// é;S4GZ4Z;4CRi1jNAd’ §ArRaAyOe; SAESAZ s ACRAyASGt’
int depth // &;54GZ47;4CRelisdze.

Int dx. // XaeUZ3RSiijNAGEéYidrijelr

int dy // YaUZ3RSiijNAGEEYUarijeTr.

double scale =1
double delta = 0
int borderType =
)

BORDER_DEFAULT

40’ D¢RE®tACINiijZ
e GaussianBlur( src, dst, Size(3,3), 0, 0, BORDER_DEFAULT );
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e cvtColor( src, gray, COLOR_RGB2GRAY );
» addWeighted( A, 0.5,B, 0.5, 0, AB);

v s

« convertScaleAbs(A, B)/ ¢6ac6UaZ;aCRA cZDACRet dcziarzaAijiijNe; SaGZaLiaZ ; aCRB

SobeladdcOrizéciAdeCiyNiijNScharrizéciAijAzataAC

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

using namespace cv;
dst;

Mat src,

int main (int argc, charxx argv) {

src = imread("D:/1.3pg");
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_1eSs, 1, 0, 3); //

walSdzrefZéeGNErz420CV

w8UcZDé; S3ES&%: ACR11 jNARSEAVEARUAVAE 1 TFEGRCZ2511 jNE [ £8; Udymai jZARScT§etiEe£G255¢8

Sobel (gray_src, ygrad, Cv_16s, 0, 1, 3);
convertScaleAbs (xgrad, xgrad); //
—88a¢c8UcZDeUlt8AZE47SaRFeC [ 8GZcOreét  SeTrii jNet’ SeTrcZDerI4za4y24mMaeYF0+

2555ZNéUt’ 11 jNdi jZecéndi jZ4L14RY2LR01 1 jNe£Z4ymeY rel.SdzriaCséeAcZDi i jNeLSEzZief Zed

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

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

/%

wasléGrciDazécdAxYrdyma [ £cTIAG | @TfesCxgraddSNygradeZDaRlet tel&cZDaAL |

o */
//int width =
//int height = ygrad.rows;
//for (int row = 0; row < heilight;

Al

xgrad.cols;

row++)

(ayNéafczgc7m)
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(czmiayt.cat)

// for (int col = 0; col < width; col++)

/7 {

// 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 O;
}
5.3 LaplaciancoUamR

. N fiy /
fit) P 1 T ad b 4
. P
0 b ‘ P
| o
o t t ,/'/

t image

allazNeéYhafijeTicZDeUtaAZiijN2ITAdd gaRY aNUad DeZDaAljayzé Ziamse Zcij Y e YiéZiaAijaAC

5.3.1 cv::Laplacian

Laplacian (

InputArray src,
OutputArray dst,

int depth, //@isazeCVv_16S
int kisze, // 3

double scale = 1,

double delta =0.0,

int borderType = 4

)

40 DRE=tAcIN2 Y1
o énYaeUrzlacst — 40zaZIa¢FGaussianBlur()

o &jnaeméiyicArazeaZ ;ACRevtColor()

5.3. Laplacianc6UamR 24
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o @NL%Z62eNL 2Uf - éiiNéYl’ié’u"ijwaéﬁagé”fJLaplacian()

« aRUczlafzaAijconvertScaleAbs()

o Y cd’ZczSedl]

e£76GNaEmert iy AayNaRUcziarzaAijcZDeDRizLiijNaymc6acsUcZDaAije Y et §cZDef Y e Y femicZ]
4E04;SaZ ACRad DeREAZECHAZ

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

using namespace cVv;
Mat src, dst;

int main (int argc, charx* 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); //
wcTiotsucsUesTeOuaRU2IJAG] jY42N8A1 JENUCZDAAT jefZeaNgZ; SCRAZNAAL JANU&H’ DeRE
imshow ("output image", edge_image);

waitKey (0);
return O;

5.4 CannycoUaesT
Cannya Y1e; z¢ij Y et AetNcUzsTiijNaII 1986876 #RRAG7cZDaACe Y iy AdytimALE4y ¢ TIaSNasd:

5.4.1 co6UzesTatAciN

¢6UzsTad 3eGt tAciNiijZ
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« énYeUfzlacskt - GaussianBlur

* cArazee;nzemc - cvtColor

. é(iag(ifJaeéf‘éie — Sobel/Scharr

o éidelJAAd 3:ifaaRG2ESAL

o énYi;06YLAAIje;SaGZiZNAAIjAZACR

e£76GNett iy AayNénY e Urelacst.cZDi; e TliijNén Y e Utelacst cZDiyzee Ad ¢ Tiaise Y i¢ZmaZ1aAC
éidelJAAd giiLaaRbe L SALtix Y falsiz0e 7¢ij Y el SiznaR1eCielIL ay AaytaCRet 44y AaytaAijiijNaE
énYi;OéYLaAijeLdeOdz Y icidelJAAd gifaaRiet. SALGHZNAROcZDAZ; ACREC 2 Y iy AazZaCRet 4
id geeCetZaeYia6Na Tt ¢ZDi;£¢Ticannyc6Uzes TeZDatAcINGAC

EN)O

_1 0 ":'1 - A=
G.=|-2 0 +2 I'557 45°

-1 0 +1

-1 -2 -1

G=,/G+G}

T

-

78 RS E G E H67.5~112.5

Gy
0= a.rctantG—)

TEXERETEEN112.5~157.5 image
4eCaz el Acd 787 cL GiymcZDatei; g Y iSobelcsUsmRiijN$\theta$ealcd Z¢ZDae Y faeétazecZDARY AN
énYa;0éYLaAijcZDéALaRU

azAazLeaicZDEYLAAIj= Ya8;cZDEYLAAIiijNénY4;06 YLAA ALra7Terée AO#zL6 AL ARUAS Giij§ A1)

20lmRcZDénY ;06 YLAA jef TaAIjEyZ T2: T1 = 3:1/2:1
AEGAymT24y 760 Y 6 YLAAIjiijNT14y74; 06 YLAA1jZAC

5.4.2 cv::Canny

CannyiijL

InputArray src, // 8-
wbitgZDe;SAEE4Z;ACRT1 JNAymMeTreNAL (17 &L’ $4%; ACR11jNAVAASZeeAxRRAL e | iy ZcATaze
OutputArray edges,// &;S&G%&:72¢ijY82:4CRT19N_

wayAelnéC ;a¥raZNaAijaz:; ACR11 jNeCNaelZra¥rézSeL’ §

double thresholdl,// &;0&éYLAALI11iiN&YYARUENYEYL.AR1j¢cZD1/2el.UeAREL/3
double threshold2,// én¥é¥YLAALj

(dyNeéatczgczm)
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(c7miyt éat)

int aptertureSize,// SoblecéUamMR¢ZDsizeli jNéAZAyy3x31ijN
bool L2gradient // éAL’&N1’_
otrueéalcd’ za¥rL22184;547AaN0T
$15L7

,,,,,,

ijNaReat.ZcTin1a; $4ayAaNUTijLL2eY Fa2NeNCy

eTFi1ijNL1ae¥

4Esi704;Siy AaNUiijNay AeLie CEaEayNay7i7Eebac6US A §azeiijNEAZayyé AL NI L14;SiyAaNUa.,

46N Tt iz¢¢iA6dcOraeCiayNiijZ

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

using namespace cv;

Mat src, dst, gray_src;
int tl_value = 50;

255;

int max_value

void Canny_Demo (int, wvoid~x);

charxx argv) {

imread ("D:/1.9pg");

(!src.data) {
printf ("could not load image..
return -1;

int main(int argc,
src
if

An");

}

namedWindow ("input image",
namedWindow ("output image",
src);

CV_WINDOW_AUTOSIZE) ;
CV_WINDOW_AUTOSIZE) ;

imshow ("input image",

CV_BGR2GRAY) ;
"output image",

cvtColor (src, gray_src,

createTrackbar ("Threshold Value:",
—value, max_value, Canny_Demo); //
aL24zz24yA47 eNU&EIelali jNeFedRSaNTU&EIelacZDazderCaG ey ZCanny.
—Demo

&tl_

Canny_Demo (0, 0);
waitKey (0);
return 0O;

void Canny_Demo (int, wvoidx)
Mat edge_output;
blur (gray_src, gray_src,
—DEFAULT) ;
Canny (gray_src,

—~false);

Size (3, 3), Point (-1, -1), BORDER_

tl_value, tl_value * 2, 3,

[a]

edge_output,

(ayNéafczgczm)
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(c7miyt éat)

/*

was5]éGEa0L’ éCl14LEeYFcTI&; 1’ L’ $42¢: 4CRaY: cd’ ZcannycSUSMRY 1 jNdeCadI J4ymMaAzdcZDerIa

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

*/

imshow ("output image", edge_output);

e£Z250ad DcRECZDAZ, cL GelJAARO= Y 162837 TiijN¢ZeL §¢ZDe ZiijZ

&1 input image - o x | i1 output image - o

Thresh...e:: 50

7 z

deCadllcEze et GeltiijNa Tzl ReZ; e, 262887 TaReCiclINRthz I8 TLadlNijZeZt 48iij

imshow ("output image", ~edge_output); //~

wealcd’ 24RUAFmi 1 JNECRct ' SARUARMAFSARFEZSARYelRCZ |83 Té258; 245K,

s, %)

2IJAROeft iy AayNiijNajsaSmCannycSUzs TcZDiyzee Ae L RACRAZiAct A Vi O YLAA]
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CHAPTER 6

Qo
2«
N>
D~
[T«
[ |

xlazeis

6.1 aelazicaNzéEmiazNcim

o elaeifiNzéEmaise YialleTe 4182, ACRANZ48§§4R ScOFiyOczZa6Z5mR a7 ACRANZzéEmcZDArRAIUAR

o ol AizéxlaeifiNzéEméeUSELEAe Ay AdytelaeifiZ ACRTIIjLc2Z46Z¢ZDamRaZ ACRIHL

o aRead UdlTAGeAdyAiyta; EetAxtNcZDaZ ACR-27R4Z; 4CRS

o a4 DeUzesTiijNalldjeecAetNaZ; ACRayEIjNazOAGeALFiRsiijNazOayEAR SiyNesacsUwmlaeifaz
6.2 xlagelfaNzéEmcTlaLicZDcoUaesT

OpenCViymiNEARid7EiEmcgmelaei£ANZ6EmcZDc6Uws TiijZ

6.3 APlazNczm

matchTemplate (

InputArray image,// @2RAaZ;&4CRIiijNafEéazaYr8-bitelUeAR32-
“bitetdcCzaeTraz;aCR

InputArray templ,// alasifa’;aCRiijNcszadNayde;sarearaCRayaAedt’

OutputArray result,//
&:536G%¢cz52dIJiiiNafEéazaYrAMTEAZEAS324 imet 6¢C2aTT1iJNAAGES @2RAZ; ACRWxH,

5 FTeooh o XS 1
—xXldX1ITd4 dURWXIT,

(ayNéafczgc7m)
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(c7miyt éat)

al.7¢czS2dIJasEéazaysW-w+l, H-

< v 2

~h+1cZDad’ JATRAAC (wae¥raé ;11 jNhae¥rény)
int method, //

waifcTlciDaNzérmelzaesTriNayAeLieOlcmRE  £cTla; SavAaNTCIDalZasT

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

enum cv::TemplateMatchModes {

cv::TM_ SQDIFF = 0,

cv::TM_SQDIFF_NORMED = 1,

cv::TM_CCORR = 2,

cv::TM_CCORR_NORMED = 3,

cv::TM_CCOEFF = 4,

cv::TM_CCOEFF_NORMED =5

6.4 azécaAmijTcd’z

#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, wvoidx);

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

printf ("could not load image..

return -1;

-\n");

(d4yNeéatczgczm)

6.4. azécaA=ijTcdz
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(c7miyt éat)

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); //
LAELerCeTIayA&yNI i FNGE£TerASLTIAGNSAL jaimayZcl” 2

waitKey (0);
return 0O;

void Match_Demo (int, wvoidx)

{
int width = src.cols - temp.cols + 1;
int height = src.rows - temp.rows + 1;
Mat result (width, height, CV_32FCl); //

AfEéazeYr324 jMet6cCiaTr

matchTemplate (src, temp, result, match_method, Mat()); //
aLreUlidAZEz0t rackbardytéléeOudRUmat ch_method

//dYNEIcaeYra; S4VAANUL i jNetEczSed I JARYeLRO4LF14ZNEUt
normalize (result, result, 0, 1, NORM_MINMAX, -1, Mat());

//
dYNéIceeArl’ : 4Gialael £4NZEFMaI JASA! GaA1 jel JAAFREAL jeZDE (Mg 811 NEZS4rsaYFASNAS.

Point minLoc; // &L’ :;3GZelJAArREAI jcZDE Mc s

Point maxLoc; // &L’:;4GZeIJAAd’ §aAijczDE Mg b

double min, max;

//OpenCVaeRR&E; ZAPIeléal’ : 4GZeIJASd’ Jel JASFRAAI jcZD& Mg | &

minMaxLoc (result, &min, &max, &minLoc, &maxLoc, Mat());

Qo
[ NN

src.copyTo (dst); //dIJldstdyréicesiealczy
Point temLoc;
if (match_method == CV_TM_SQDIFF || match _method == CV_TM_
—~SQDIFF_NORMED) //
3rzdz08£24yd’ comeUies TeANSIAT1 jNGZ TeréayY el JAATRAAT jelS4NZSFMEACAEGS 2Uelzaes TeY
{

GAGSE [ IJT

temLoc = minLoc;

}

else {

temLoc maxLoc;

(dyNeéatczgczm)
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(c7miyt éat)

rectangle (dst, Rect (temLoc.x, temLoc.y, temp.cols, temp.
—rows), Scalar(0, 0, 255), 2, 8)Y; //
w3IJlelJAczlé; S4G242: ACREVECZYALGEYAE cS1 & ¢

rectangle (result, Rect (temlLoc.x, temLoc.y, temp.cols, temp.
—~rows), Scalar (0, 0, 255), 2, 8); //
aIJlresultczSedIJayEélde s SAGZEAAEYIcS1 & ¢

imshow ("output image", result);
imshow ("template match-demo", dst);
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e Treem0dzNezm
& TremGalJTal AiijZhttps://github.com/hromi/SMILEsmileD
& Trem6aNEARA131653ijicAfazeaZ cL GiijN2fRaijadZ; ¢ G¢ZDaizary = Y 164643 ACeLZijta Tiemié
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A4

e Trembé6Dad DCRE

éeUAELAfijaEscZyazT¢ZDaNEiijZ

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/") #smilealicm6esEetird ;D
model_dir = os.path.abspath(r"./model/lenet.hdf5")
S#eimczCeladdNafIsmYetra s D

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) #.,
@& HamdelRcArdzedZ; ACR

image = imutils.resize(image, width = 28)
S#ATEAZ; ACRA&TZ8FyaeT 72l R28 %28

image = img_to_array (image) #4d;£cTIKerascZDimg_to_

warrayériclcéelRet 6¢CZ3ANESNI 1 j1L28+28 %111 L7 11 jNa; £4202084Nel&cédczRE [ SczIJimed
data.append (image)

label = imagePath.split (os.path.sep) [-3]

label = "smiling" if label == "positives" else "not_smiling"
w#deCaedIJglabel SMUcried/$6GNET eI JL’ positivedrSECMAS | AFMayZsmiling

labels.append (label)

# AdrEdatadSNlabelséC ;e riamédyznumpycszadN

data = np.array(data, dtype= "float") / 255.0 #&7EACRct’dé;ricmcaLnr[o,
— 1]eNC&zZt’&EZN&EE

labels = np.array(labels)

# &rZlabeléfZéaNone—hotcijUcdA

le = LabelEncoder () .fit (labels) #._,

< LabelEncoderdRr&zE4rFedGm; ALESIME AL 0AATn classes—
1dZNéUt’ ¢cZDci jUcdA

# transformcTleléaedG4GEANUI1 jN&FElabelssym ' not_smiling

« '8SN4AYsmilingdAZcZDaTrambe | riamcael,ROASN1cZD4 41 FR

labels = np_utils.to_categorical (le.transform(labels), 2) #
w2@&YFnum_classeéalcd’ zé:S4G2cZDaYr28LUaTrambcZDeDRaeA T

—

ayNéicélIAeeAegcaEsiyAayNaednelliiyjmizseaadUséc YaAC
& Tiem66ZESGNEIé2IIL 94754y cnSeDyeataJhiijNaSN36904ytéidenSeDyeatalInaACayNeiccZDiz
hotcijUcaAjijNzL AdzéczSedlle Y9475, 3690] =LSizneeAegtaEse TiembiymazseaadUséc Y aR 784 £¢T1

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

stratifyz Y iy zazEafieNAsplital meszcZDALEayCaACzi TagCallL 1004t TiemsiijN80iyitasdazOAcs
test_size=0.25, stratify = y_all), éC¢azLsplitazZNaRO=Trem6aeCayNiijZ

¢Tla7EstratifyaRCa T¥iijNtrainingéZEASNtestingéZEcZD¢sz¢ZDaiTa; Ne Yi  AiijZB=
4iijZ1iijNcmL ARN#zOsplital meZDei T4, NiijL80iijZ20iij L AACEAZayyallle£ Zc smcszal EayCaymazseaacZD

(trainX, testX, trainY, testY) = train_test_split(data, labels,
—~test_size = 0.20,
stratify = labels,

—random_state = 47) (ayNéatczgcrm)
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(czmayt éat)
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CHAPTER 9

ai£cTiLeNetaddcOrcnSeDyaetAetNaLEcs?

ayNéicae Y feladdNasdcOrCIALEIiZ

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",
ometrics = ["accuracy"])

H = model.fit (trainX, trainY, validation_data = (testX, testY),
class_weight = classWeight, batch_size = 64, epochs =
15, verbose = 1) #verbose = laY;cd’2efZ4%exla

—

kerasze$azllL ¢Zt 2 O8aRH78¢7§ eoarec allaSNf1 aA1] gZDade §TaAC aRrazengsklearnaAC
aj EaeYrsklearnaesaaeIJ Labde §T<;Zt ®084d' D¢REKerascZDa TremsiijNeL AdzéeeAczRe£Giy AizZad DeRE
1eiGemy cZDALSALE#7EaAC
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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.

wclasses@Yr['not_smiling', 'smiling']czDaeLRcZDaeTrczD
model . save (model_dir)

&, SaGz¢zS=dlliijZ

precision recall fl-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
N n )
plt.plot (np.arange (0, 15), H.history["acc"], label = "acc")

plt.plot (np.arange (0, 15), H.history["val_acc"], label =
plt.title("Training Loss and Accuracy")

plt.xlabel ("Epoch") le

plt.ylabel ("Loss/Accuracy")

plt.legend()

plt.show ()

"val_acc")
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CHAPTER 10

el.SaznalllazéciAzymi; £¢TIa7EOpenCVes ZaytatsaE ieidakai; Sa6dcOriijNAIIIOpenCViiymiijN¢Zyaz
3.4\opencv\sources\data\haarcascadesetifd; DayNaRfazézl  ALIAACayNéice Y raEh4; Siz¢caAaGdcOFiijZ

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"])

//////

s+ 0

model = load_model (args["model"])

#

[a]

La&rzaYrazOclyelJzamecAet NaZzeDyjef YaYrdz0eJEEESE jmecAat NG ZZeDYAAZELA

if not args.get ("video", False):

(4yNéatczgczm)
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(c7miyt éat)

camera cv2.VideoCapture (0)

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

while True:

#
wgrabbeddSNframeaYrFreadcZDayd’ d/1e£TaZd4A1 711 jNgrabbedaYFa/CaArTcszaANcZDe£T42A4
# frameeYraerRAVA&VGcZDAZ: ACRI1 jNeYraVAEy¥EVL czt’ ¢cS17 &Yt
(grabbed, frame) = camera.read()

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

frame = imutils.resize (frame, width = 300)
#ebtE7; ACRE6 [ 42eéMeUreNGE644723004CRet” &

gray = cv2.cvtColor (frame, cv2.COLOR_BGR2GRAY)
#8244y 22l addNe Mz CaV PaArZcAT&5edZ: ACRAA! DeRET 1 jNaL’ Adz8e£26GNeeAe | riamMéal.RcAra Z

frameClone = frame.copy ()
S HEMRUFSENSZE frameii jN¢T1420e088yNelscz Valie ZcTNaeaF,

rects = detector.detectMultiScale(gray, scaleFactor=1.1,

—minNeighbors=5, minSize= (30, 30),
flags=cv2.CASCADE_SCALE_IMAGE)

for (fX, fY, fwW, 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, (£X, fY), (£X + fw, fY + fH),
(0, 0, 255), 2)

cv2.imshow ("Face", frameClone)

if cv2.waitKey (1) & OxFF == ord("g"):
break

camera.release ()

(dyNeéatczgczm)
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(c7miyt éat)

cv2.destroyAllWindows ()

10.1 detector.detectMultiScale

- 2N 2

&£7éGNiijNafzdetector . detectMult iScaledAZiyjAcCzeit & YOiijZ

ayzazEeecAee;NaLr‘aylaRNad’ gﬁRgZDgZ(’SzeéGlleayAeLnaaH L ayd’ c glaAZze§T11JZeARa3leg:1]1 4fRaZ
or 1.2iijL eARaelegljl’ fifRuJNgDﬁaRancAae;NuJZaeT()ad’ geecAae;NganRcaeYraeLLaecAeegNganRce’[iiao,ae

E faceboox

image

¢DiiaRGiijNarza7 TefRaij347, i1jN¢zge ATALEcsz4ZIcZDAd 3aiRAZ746Z¢ ZDat AwtNctUAREAZIAijA4E]

void CascadeClassifier::detectMultiScale( InputArray image,

Az A3 A3z A3 A3z A3 A3 A3 A3 A3 AACV_OUT std::vector<Rect>& objects,
A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 A3double scaleFactor,

A3z A3 A3z A3 A3 A3 A3 A3 A3 Aa Adint minNeighbors, int flags,

A3 A3 A3 A3 A3 A3 A3 A3 A3 A3 AZSize minSize,

Az A3 A3 A3 A3 A3 A3 A3 A3 A3 AiSize maxSize )

dRCeTiliijZimage—4; EetAxtNazZ; cL GiijNayAeLiijzc AfazeaZ; ACRizEaE 1a£ R AxtNEA§azeiijZ
aRCaTr2iijZobjects—eénat AetNcL 4 ScZD¢§I 4j¢eaEARSEGR¢zDIiljZiy 72 SaG76GRiijNaeCae §R¢L:
aRC=Ti3iijZscaleFactor—alcd ZAN AL maRO#yd etiacZycz3cZDaL iz RRiymiijNeR ¢t ¢ctUaRECZDx
aRCaaTr411JZm1nNel ghbors—ealgd’ 2&3dDaeLRaacAee;NgZ(’SaaéGgZDgZyeng§1’ ajécZD=IJA AR #§t2 TH(é:
a@CeedIngDaaLReecA;e;NngieeéGgZDang§1’2"1‘chDaylaaTraSNarRazO
min nelghbors -1 eC‘auZééﬁeeOSeZd’aAC a@CaedIJmm nelghbors ayz 0,

aLZaG, aeTraylaAZazza, IaeSla [1Taise£TaZdel Aelll gZDééﬁeecAaAZeAL ¢8I e°1, caeaEnJ N
e£7csmeG; AGZAAd] ayAeLnngaIJ lngaeLueGl%ZazL’ afzecAxtNezSedll¢ZDezD aRLglNazRayLnJ 7
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ARCaTr5iijZflags=0iijZaRfiz8aRUaeCayNe£ZizZaAljiijZ CAS-
CADE_DO_CANNY_PRUNING=1, aL.I'¢Ticannye; z¢ij Y e AetNeideOSEZd iy Ad778 7¢ij Y a; LarSel Ue
CASCADE_SCALE_IMAGE=2, emCayyeiTijNetAztN CAS-
CADE_FIND_BIGGEST_OBJECT=4, dRtelAxtNelJAdd’ g¢ZDcLT4;S CAS-

CADE_DO_ROUGH_SEARCH=8 aLi¢TécZD=¢A=tN 6. minObjectSize maxObject-

SizeiijZaNZéEmeLT #;S¢ZDAd $afReNCAZY
ARC=Tr6aAATiijZminSizedSNmaxSize¢ Tl ls¢ZRAL G4, Ul i¢ZD¢Z62dGaNZaS §¢ZDeNCAZt aACi7S

aG‘ aeTraZNnglijZ detectMultlscaleaG‘ eTrayzad’ Zafiéii@ad ZngSaeéGaacAae;NnJZ

ad’ Zarzazguj ZeAZayyaeRIJ gt’ égZ(SzeﬁGgZDeelqzeI;Eafiﬁfyad’ garReeYraZiéiéiZgZDnJN j EzeYr'eiylaRNaZ(,gL (

ad’Z¢Z62AGii] ZeAZe;EGaecAze;Ngn@aRLzela,aeI;EaNzeElarzesalljNaRracUaLrad Zayngoa:aGuJNaIGe()San
minNeighbors=3iijZaNzéEmel Rak.§=L AéITAee AcZDAaSIAZt ¢§T 4;éeaEcZDeTicZGiijNaefRiyA4yicl
§73ayzazécaAdymi;£cTla7EargparseiijNeL Aidz&aR 4286 AZe£GaS dzd 2l8aNGasZiijNaeCadl e Yia(

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

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