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« Type B

virtual void SVM::setType(int val)
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e Kernel 4= MM

virtual void SVM::setKernel(int kernelType);

« kernelType #d gt~ Z2 SYM: :KernelTypes S A4 = FILIE X|ESHLICH
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virtual bool SVM::trainAuto(InputArray samples,

* samples

» layout

* responses
* kFold

» Corid

» gammaGrid
» pGrid

* nuGrid

+ coeffGrid
+ degreeGrid
« balanced
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int layout,

InputArray responses,

int kFold = 10,

Ptr¢ParamGrid® Cgrid = SVM::getDefaultGridPtr(SVM::C),
Ptr{ParamGrid? gammaGrid = SVM::getDefaultGridPtr(SVM: :GAMMA),
Ptr{ParamGrid> perid SVM: :getDefaultGridPtr(SVM::P),
Ptr{ParamGrid} nuGrid SVM: :getDefaultGridPtr{SVM: iNU),
Ptr{Paramérid® coeffGrid SVM: :getDefaultGridPtr(SVM: :COEF),
Ptr{ParamGrid} degreeGrid = SVM::getDefaultGridPtr(SVM: :DEGREE),
bool balanced = false)
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#include "opencv2/opencv.hpp”
#include {iostream

using namespace cv;
using namespace cv::iml,
using namespace std,;

int main(void)
{
Mat train = Mat_{floatd({ 8, 2 }, {
150, 206, 200, 258, 106, 250, 150, 300,
350, 100, 400, 200, 466, 300, 350, 400 });
Mat label = Mat {int>({ 8, 1}, {6, @, 60,08, 1, 1,1, 11});

Ptr<{SVM> svm = SVM::create();
svm->setType(SVM: :Types::C_SVC);
svm->setKernel (SVM: :KernelTypes: :RBF);
svm->trainAuto(train, ROW_SAMPLE, label);

Mat img = Mat::zeros(Size(5600, 500), CV_8UC3);
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OpenCV

for (int j = @; j € img.rows; j++) {
for (int i = 0; i < img.cols; i++) {
Mat test = Mat_<floatd({ 1, 2 }, { (float)i, (float)j });
int res = cvRound(svm->predict(test));

if (res == 0)

img.at{Vec3b>(j, i) = Vec3b(128, 128, 255); // R
else

img.at{Vec3b)(j, i) = Vec3b(128, 255, 128); // G

}

for (int i = ®; 1 < train.rows; i+) {
int x = cvRound(train.at<{float>(i, 0));

int y = cvRound(train.at{float>(i, 1));
int 1 = label.at<int>(i, @);
if (1 == 0)
circle(img, Point(x, y), 5, Scalar(®, 0, 128), -1, LINE_AA); // R
else

circle(img, Point{x, y), 5, Scalar(@, 128, 8), -1, LINE_AA); // G

imshow("svm", img);

waitKey();
return @,
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Feature Extraction
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vector< vector<float> > ExtractFeatures(Mat img, vector<int>* left=NULL, vector<int>* top=NULL)
{

vector< vector<float> > output;

vector<vector<Point> > contours;

Mat input= img.clone();

vector<Vec4i> hierarchy;
findContours(input, contours, hierarchy, RETR_CCOMP, CHAIN_APPROX_SIMPLE);
// Check the number of objects detected
if(contours.size() == 0 ){
return output;
}
RNG rng( OxFFFFFFFF );
for(int i=0; i<contours.size(); i++){
Mat mask= Mat::zeros(img.rows, img.cols, CV_8UC1);
drawContours(mask, contours, i, Scalar(1), FILLED, LINE_8, hierarchy, 1);
Scalar area_s= sum(mask);
float area= area_s[0];

if(area>500){ //if the area is greather than min.
RotatedRect r= minAreaRect(contours][i]);
float width= r.size.width;
float height= r.size.height;
float ar=(width<height)?height/width:width/height;

vector<float> row;
row.push_back(area);
row.push_back(ar);
output.push_back(row);
if(left!=NULL){
left->push_back((int)r.center.x);
}
if(top!=NULL){
top->push_back((int)r.center.y);
}
miw->addlmage("Extract Features", mask*255);
miw->render();
waitKey(10);
}
}
return output;

}
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« Training an SVM model

void trainAndTest()
{

vector< float > trainingData;
vector< int > responsesData;
vector< float > testData;

vector< float > testResponsesData;

int num_for_test= 20;

// Get and process the nut images

readFolderAndExtractFeatures("../data/nut/tuerca_%04d.pgm", 0, num_for_test, trainingData, responsesData, testData, testResponsesData);
// Get and process the ring images

readFolderAndExtractFeatures("../data/ring/arandela_%04d.pgm", 1, num_for_test, trainingData, responsesData, testData, testResponsesData);
// Get and process the screw images

readFolderAndExtractFeatures(”../data/screw/tornillo_%04d.pgm”, 2, num_for_test, trainingData, responsesData, testData, testResponsesData);

cout << “Num of train samples: " << responsesData.size() << S0l;
cout << “Num of test samples: “ << testResponsesData.size() << F0;

// Merge all data
Mat trainingDataMat(trainingData.size()/2, 2, CV_32FC1, &trainingData[0]); // 2 features per image
Mat responses(responsesData.size(), 1, CV_32SC1, &responsesDatal[0]); // 1 label per image

Mat testDataMat(testData.size()/2, 2, CV_32FC1, &testData[0]);
Mat testResponses(testResponsesData.size(), 1, CV_32FC1, &testResponsesData[0]);

Ptr<TrainData> tdata= TrainData:create(trainingDataMat, ROW_SAMPLE, responses);
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svm = cviml:SVM::create(); // Ptr<SVM> svm;
svm->setType(cv:iml:SVM::C_SVC);

svm->setNu(0.05);

svm->setKernel(cv:ml:SVM:CHI2);

svm->setDegree(1.0);

svm->setGamma(2.0);
svm->setTermCriteria(TermCriteria(TermCriteria: MAX_ITER, 100, 1e-6));
svm->train(tdata);

if(testResponsesData.size()>0){
cout << "Evaluation" << end];
cout << "==========" << end|;
// Test the ML Model
Mat testPredict;
svm->predict(testDataMat, testPredict);
cout << "Prediction Done" << endl;
// Error calculation
Mat errorMat= testPredict!=testResponses;
float error= 100.0f * countNonZero(errorMat) / testResponsesData.size();
cout << "Error: " << error << "W%" << end|;
// Plot training data with error label

(aspect
ratio)

plotTrainData(trainingDataMat, responses, &error);

}else{
plotTrainData(trainingDataMat, responses);
}
}

v

Green: nut
Blue: ring
Red: screw

(area)
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 Input image prediction

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

// Preprocess image
Mat pre= preprocessimage(img);

// Extract features
vector<int> pos_top, pos_left;
vector< vector<float> > features= ExtractFeatures(pre, &pos_left, &pos_top);

for(int i=0; i< features.size(); i++){
Mat trainingDataMat(1, 2, CV_32FC1, &features]i][0]);
float result= svm->predict(trainingDataMat);

stringstream ss;
Scalar color;
if(result==0){

color= green; ss << "NUT";
}
else if(result=="1){

color= blue; ss << "RING" ;
}
else if(result==2){

color= red; ss << "SCREW";
}

putText(img_output, ss.str(), Point2d(pos_left[i], pos_topli]),
FONT_HERSHEY_SIMPLEX, 0.4, color);
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« HOG (Histogram of Oriented Gradients)
— N.Dalal & B.Triggs, CVPR 2005

— Local feature descrptor
— SVM 1t Z350 Object detection O B£0| AHE

Input image Histogram of Oriented Gradients




1) Preprocess

Resize the image => width : height = 1: 2

Original Image

HOG

Resized Image

64 x 128
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2) Calculation gradients (X & Y diection)

121 |10 78 96 125

48 152 |68 125 | 111

145 | 78 -89 65 G,

154 | 214 |56 200 |66

214 | 87 45 102 | 45

« Change in X direction(G,) = 89— 78 = 11 » Gradient magnitude V[(G,)*+(G,)%
= ChangeinY direction(Gy) =68 - 56 =8
« Gradient orientation @ = atan(Gy / Gx)

Sobel operator
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3) Calculation of HOG
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4) Calculate HOG in cells
- A SAZ2 oY 7O Cell 2 2
— 2 cell Of L3} histogram = 9 x 1 matrix 2 7+

5) Calculate HOG in blocks
— 4712 cell & StLt2| block 2= T4
Zt cell 2| histogram & merge St9 block & 36 x 1 matrix £ +&
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« HOGDescriptor Class

HOGDescriptor: :HOGDescriptor(Size _winSize, Size blockSize, Size _blockStride,
Size _cellSize, int _nbins, int _derivAperture = 1, double _winSigma = -1,
HOGDescriptor: :HistogramhormType _histogramMormType = HOGDescriptor::LZ2Hys,
double _L2HysThreshold = @.2, bool _gammaCorrection = false,
int _nlevels = HOGDescriptor::DEFAULT_NLEVELS,
bool _signedGradient = false)

- _winSize UE =2 37

* _blockSize B2 37|

» _blockStride == 0l 37|

+ _cellSize A 37|

» _nbins SIAETH Y1 o=
+_derivAperture STl AR E[X] ghELICh

+ winSigma AR EHE Hot BE HAL
+ _histogramNormType  BXf AIREIX] Y&LICH
+_L2HysThreshold L2-Hys Hst 2AIE

+ _gammaCorrection Zinp 2 o o

+ _nlevels 4& =S 7L A 3. 71232 642U},
+_signedGradient JRCIRIE disk B AlE o

HOGDescriptor hog(Size(20, 20), Size(10, 10), Size(5, 5), Size(5, 5), 9);
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#include “opencv2/opencv.hpp”
#include {iostream>

using namespace cv;
using namespace cv::ml;
using namespace std;

Ptr{SVM> train_hog_svm({const HOGDescriptor& hog);
void on_mouse(int event, int x, int y, int flags, void* userdata);

int main()

{

#it _DEBUG
cout <{ "svmdigits.exe should be built as Release mode!" <{ endl;
return @;

#endif
HOGDescriptor hog(Size(20, 20), Size(10, 10), Size(5, 5), Size(5, 5), 9);
Ptr{SVM> svm = train_hog_svm(hog);
if (svm.empty()) {
cerr ¢ "Training failed!" << endl;
return -1;

Mat img = Mat::zeros(40@, 400, CV_8U);

imshow("img", img);
setMouseCallback("img", on_mouse, (void*)&img);

while (true) {
int ¢ = waitKey();
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if (e== 27) {
break;
A5 il L O
Mat img_resize;
resize(img, img_resize, Size(20, 20), 0, 0, INTER_AREA);

vector{float> desc:
hog. compute(img_resize, desc);

Mat desc_mat(desc):

int res = cvRound(svm-ypredict(desc_mat.t()));
cout <{ res <{ endl;

img.setTo(Q);
imshow("img", img);

return @;
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Ptr<SVM> train_hog_svm(const HOGDescriptor& hog)
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{

Mat digits = imread("digits.png", IMREAD GRAYSCALE);

if (digits.empty()) {
cerr << "Image load failed!" < endl;
return @;

}

Mat train_hog, train_labels;

for (int j =0; j < 50; j+) {
for (int i = @; i € 100; i+) {
Mat roi = digits(Rect(i * 20, j * 20, 20, 20));

vector{float} desc:
hog.compute(roi, desc);

Mat desc_mat(desc);
train_hog.push_back(desc_mat.t());
train_labels.push_back(j / 5);

Ptr{SVM> svm = SVM::create();

svm->setType(SVM: :Types::C_SVC);
svm->setKernel (SVM: :KernelTypes: :RBF);
svm->setC(2.5);

svm->setGamma(0.50625) ;

svm->train(train_hog, ROW_SAMPLE, train_labels);

return svm,
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HOGDescriptor::getDefaultPeopleDetector()
— D|2] AAE WX HEE HOG Descriptor & gzt

static std::vector{float> HOGDescriptor: .getDefaultPeopleDetector();

« BHE EHx A=E Flel 292 =57 Al

HOGDescriptor::setSVMDetector(InputArray svmdetector)
— SVM classifier & 2|8t A+ &%

virtual void HOGDescriptor::setSVMDetector(InputArray svmdetector);

» symdetector M8 SyM E2712 Y5t A=
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HOGDescriptor::detectMultiScale()

Q2] AAMO|A] ChREH ALZES (Rect) S HZBLO] B

virtual void HOGDescriptor::detectMultiScale(InputArray img,

std: tvector{Rect>& foundLocations,

std: :vector<{double>& foundWeights,
double hitThreshold = @,

Size winStride = Size(),

Size padding = Size(),

double scale = 1.05,

double finalThreshold = 2.0,

bool useMeanshiftGrouping = false) const;

virtual void HOGDescriptor::detectMultiScale{InputArray img,

«img

= foundLocations
« foundWeights

» hitThreshold
=winStride

= padding
 scale

« finalThreshold

« useMeanshiftGrouping

std: :vector<{Rect>& foundLocations,
double hitThreshold = 0,

Size winStride = Size(),

Size padding = Size(),

double scale = 1.05,

double finalThreshold = 2.0,

bool useMeanshiftGrouping = false) const;
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FE 13-5 Hax A4S ofm =273 [chi3/hog)

#include "opencv2/opency.hpp”
#include <iostream

using namespace cv,
using namespace std;

int main()

{

VideoCapture cap(“vtest.avi"};

if (!cap.isOpened()) {
cerr << "Video open failed!" << endl;
return -1;

}

HOGDescriptor hog;
hog. setSVMDetector(HOGDescriptor: :getDefaul tPeopleDetector());

Mat frame;
while (true) {
cap »» frame;
if (frame. empty())
break;

vector{Rect) detected;
hog.detectMultiScale(frame, detected);

for (Rect r : detected) {

Scalar ¢ = Scalar(rand() % 256, rand() % 256, rand() % 256);

rectangle(frame, r, ¢, 3).;

imshow("frame", frame);

if (waitKey(10) == 27)
break;

)

return ©;
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