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MainWindow.cpp:

#tinclude <iostream>

#include "mainwindow.h"

#include "./ui_mainwindow.h"
MainWindow: :MainWindow(QWidget *parent)
: QMainWindow(parent)

, ui(new Ui::MainWindow)

ui->setupUi(this);

connect(ui->scanButton, &QPushButton::pressed, this,
&MainWindow: :OnScanPressed);

connect(ui->closeVideoOutputButton, &QPushButton::pressed, this,
&MainWindow: :0OnCloseVideoPressed);

connect(ui->saveButton, &QPushButton::pressed, this,
&MainWindow: :OnSaveUserPressed);

connect(ui->recogniseButton, &QPushButton::pressed, this,

&MainWindow: :OnRecognisePressed);

controller.reset(new ApplicationController(ui->labelVideo, ui->loglLabel));

MainWindow: : ~MainWindow()

{

delete ui;

void MainWindow: :OnScanPressed()

{

ui->saveButton->setEnabled(true);

controller->addUser();

void MainWindow: :0nCloseVideoPressed()

{
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ui->saveButton->setEnabled(false);
controller->StopDisplayingImage();
ui->labelVideo->hide();

void MainWindow: :OnSaveUserPressed()

{

controller->makePhoto();

void MainWindow: :OnRecognisePressed()

{
ui->resLabel->setText("");
bool res;
std::thread authThread([&res, this]()
{
res = controller->authenticate();
if(res)
ui->resLabel->setText("success");
else
ui->reslLabel->setText( "you fucking donkey");
3
authThread.detach();
¥

Applicationcontroller.cpp:

#include "applicationcontroller.h"

#tinclude <fstream>

#include <QFileSystemModel>

constexpr size_t dummyFaceCount = 40;
constexpr std::string_view fn_haar =
"/usr/local/share/opencv4/haarcascades/haarcascade_frontalface_default.xml";

constexpr std::string view fn_csv = "/home/pi/facesQT/faces/dummyFaces.csv";
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constexpr std::string_view fn_csv_usr = "/home/pi/facesQT/faces/users.csv";

static const QString FingerprintSerial = "/dev/serial@";

static const QString FingerPrinttBaudrate = "57600";

ApplicationController: :ApplicationController(QLabel* videoOutput, QLabel* loglLabel) :

userProfcontroller(new UserProfileController())

{
vidOut = videoOutput;
logOut = loglLabel;
model = cv::face::LBPHFaceRecognizer::create();
TrainFaceRecogniserOnDummy () ;
UpdateFaceRecogniser(fn_csv_usr.data());

}

void ApplicationController::retrainRecogniser()

{
model->clear();
TrainFaceRecogniserOnDummy();
UpdateFaceRecogniser(fn_csv_usr.data());
}

void ApplicationController: :ProcessVideoOutput(EVidOutMode mode,
std::vector<std::string>& paths, int userID, bool& auth)

{
if(is_displaying)
return;
auto deviceld = 0;
cv::VideoCapture cap(deviceld);
cap.set(cv::CAP_PROP_FOURCC, cv::VideoWriter::fourcc('M', 'J', 'P', 'G"));
if(!cap.isOpened())
std::cerr << "Capture Device ID " << deviceld << "cannot be opened." <<
std::endl;

haarCascade.load(fn_haar.data());

cv::Mat frame;
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Timer timer;
int labell=-1;
double accur=0.9;

int countRecognised = 0;

timer.start();

is_displaying = true;

while(is_displaying)

{
cap.read(frame);
// Clone the cursolutionrent frame:
cv::Mat original = frame.clone();
// Convert the current frame to grayscale:
cv::Mat gray;
cvtColor(original, gray, cv::COLOR_BGRA2GRAY);
// Find the faces in the frame:
std::vector< cv::Rect_<int> > faces;

haarCascade.detectMultiScale(gray, faces);

for(size_t i = @; i < faces.size(); i++)
{
cv::Rect face_i = faces[i];
cv::Mat face = gray(face_i);
cv::Mat face_resized;
cv::resize(face, face resized, cv::Size(100, 100), 1.0, 1.0,
cv::INTER_CUBIC);
rectangle(original, face_i, CV_RGB(@, 255,0), 1);

if(mode == EVidOutMode::REGISTER_USER && toMakePhoto)

paths.push_back(savePhoto(face_resized, userID));

if(mode == EVidOutMode::RECOGNISE_USER)
{

int pos_x = std::max(face_i.tl().x - 10, 0);

std::max(face_i.tl().y - 10, 0);

int pos_y

std::string box_text = cv::format("Prediction = %d Confidence=%f",
labell, accur);

putText(original, box_text, cv::Point(pos_x, pos_y),
cv::FONT_HERSHEY PLAIN, 1.0, CV_RGB(255,0,0), 2.0);

model->predict(face_resized, labell, accur);
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if(labell == userID && accur > 60)

countRecognised++;

if(countRecognised > 20)

{
auth = true;
is_displaying = false;
break;

}

else if(timer.elapsedSeconds() > 20)

{
auth = false;
is_displaying = false;
break;

}

if(is_displaying)
{
cvtColor(original, original, cv::COLOR_BGR2RGB);
QImage imagel= QImage((uchar*) original.data, original.cols,

original.rows, original.step, QImage::Format_RGB888);

vidOut->setPixmap(QPixmap: :fromImage(imagel));

vidout->show();

void ApplicationController::StopDisplayingImage()

{
if(is_displaying)
{
is_displaying = false;
controllerThread->join();
}
}

void ApplicationController::UpdateFaceRecogniser(const std::string& path)
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std:

std::vector<cv::Mat> images;
std::vector<int> labels;
try {

readCsv(path, images, labels);

} catch (cv::Exception& e) {

std::cerr << "Error opening file \"" << path << "\".
:endl;

exit(1);
}
if(images.size() == 0)

return;

imWidth = images[@].cols;

imHeight = images[@].rows;

model->update(images, labels);

void ApplicationController::TrainFaceRecogniserOnDummy ()

{

std:

std::vector<cv::Mat> images;
std::vector<int> labels;
try {

readCsv(fn_csv.data(), images, labels);
} catch (cv::Exception& e) {

std::cerr << "Error opening file \""
:endl;

exit(1);
}
imWidth = images[@].cols;

imHeight = images[@].rows;

model->train(images, labels);

<< fn_csv << "\".

Reason:

Reason:

void ApplicationController::readCsv(const std::string& filename

, std::vector<cv::Mat>& images

, std::vector<int>& labels

, char separator)

<< e.msg <<

<< e.msg <<
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std::ifstream file(filename.c_str(), std::ifstream::in);

if (!file)
{
std::string error_message = "No valid input file was given, please check the
given filename.";
std::cerr << error_message << std::endl;

return;

std::string line, path, classlabel;
while (getline(file, line))

{
std: :stringstream liness(line);
getline(liness, path, separator);
getline(liness, classlabel);
if(!path.empty() &% !classlabel.empty())
{
const auto& im = cv::imread(path, 0);
cv::Mat resized;
if(lim.empty())
{
resize(im, resized, cv::Size(92, 112), 1.0, 1.0, cv::INTER_CUBIC);
images.push_back(im);
labels.push_back(atoi(classlabel.c_str()));
}
}
}

void ApplicationController::addUser()
{

controllerThread = std::make_unique<std::thread>([this]()
{

auto userID = userProfcontroller->getUserDBSize() + dummyFaceCount + 1;

logOut->setText(logOut->text() + QString("Adding user under ID %d
\n").arg(userID));
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logOut->setText(logOut->text() + QString("Adding fingerprint\n"));

finger.reset(new Adafruit_Fingerprint{FingerprintSerial,
FingerPrinttBaudrate});

finger->begin(FingerPrinttBaudrate);

EnrollExample: :runEnroll(*finger.get(), userID);

finger->close();

std::vector<std::string> paths;

bool dummy;

ProcessVideoOutput (EVidOutMode: :REGISTER_USER, paths, userID, dummy);

UserProfile prof (userID, paths);

userProfcontroller->addUserProfile(prof);
vidOut->hide();
retrainRecogniser();

})s

bool ApplicationController::authenticate()
{

bool faceRecognised;

controllerThread = std::make_unique<std::thread>([this, &faceRecognised]()
{
finger.reset(new Adafruit_Fingerprint{FingerprintSerial,
FingerPrinttBaudrate});
finger->begin(FingerPrinttBaudrate);
int userID = FingerprintExample::runFind(*finger.get());

finger->close();

std::vector<std::string> dummy;
ProcessVideoOutput (EVidOutMode: :RECOGNISE_USER, dummy, userID, faceRecognised);
1)

while(!controllerThread->joinable()){}
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controllerThread->join();

vidout->hide();

return faceRecognised;

void ApplicationController: :makePhoto()

{
if(is_displaying)
toMakePhoto = true;

std::string ApplicationController::savePhoto(cv::Mat& pic, int userID)

{
assert(is_displaying);
assert(toMakePhoto);
toMakePhoto = false;

auto saveDirPath = "/home/pi/facesQT/faces/g" + QVariant(userID).toString();

if(!QDir(saveDirPath).exists())
QDir().mkdir(saveDirPath);

int fileIndex = 0;

QString saveFilePath = saveDirPath + "/p" + QVariant(fileIndex).toString() +
n . bmpll;

while(QFile(saveFilePath).exists())

{

fileIndex++;

saveFilePath = saveDirPath + "/p" + QVariant(filelIndex).toString() + ".bmp";

std::cout << saveFilePath.toStdString() << std::endl;

cv::imwrite(saveFilePath.toStdString(), pic);

return saveFilePath.toStdString();
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FingerPrintExample.cpp:

#include "fingerprintExample.hpp"
#include "Adafruit_Fingerprint.h"

#include "Logger.hpp"

#include <thread>

namespace

{

uint8_t getFingerprintID( Adafruit_Fingerprint& _fingerprintSensor )
{
uint8 t p = _fingerprintSensor.getImage();
switch (p) {
case FINGERPRINT_OK:
Logger: :Instance().logDebugEndl("Image taken");
break;
case FINGERPRINT_NOFINGER:
Logger: :Instance().logDebugEndl("No finger detected");
return p;
case FINGERPRINT_PACKETRECIEVEERR:
Logger::Instance().logDebugEndl("Communication error");
return p;
case FINGERPRINT_IMAGEFAIL:
Logger: :Instance().logDebugEndl("Imaging error");
return p;
default:
Logger: :Instance().logDebugEndl("Unknown error");

return p;

// OK success!

p = _fingerprintSensor.image2Tz();
switch (p) {
case FINGERPRINT_OK:
Logger: :Instance().logDebugEndl("Image converted");

break;
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case FINGERPRINT_IMAGEMESS:
Logger: :Instance().logDebugEndl("Image too messy");
return p;
case FINGERPRINT_PACKETRECIEVEERR:
Logger: :Instance().logDebugEndl("Communication error");
return p;
case FINGERPRINT_FEATUREFAIL:
Logger::Instance().logDebugEndl("Could not find fingerprint features");
return p;
case FINGERPRINT_INVALIDIMAGE:
Logger::Instance().logDebugEndl("Could not find fingerprint features");
return p;
default:
Logger: :Instance().logDebugEndl("Unknown error");

return p;

// OK converted!
p = _fingerprintSensor.fingerFastSearch();
if (p == FINGERPRINT_OK) {
Logger: :Instance().logDebugEndl("Found a print match!");
} else if (p == FINGERPRINT_PACKETRECIEVEERR) {
Logger: :Instance().logDebugEndl("Communication error");
return p;
} else if (p == FINGERPRINT NOTFOUND) {
Logger: :Instance().logDebugEndl("Did not find a match");
return p;
} else {
Logger: :Instance().logDebugEndl("Unknown error");

return p;

// found a match!
Logger::Instance().logDebug("Found ID #");

Logger: :Instance().logDebug(_fingerprintSensor.fingerID);
Logger::Instance().logDebug(" with confidence of ");

Logger: :Instance().logDebugEndl(_fingerprintSensor.confidence);

return _fingerprintSensor.fingerlD;

// returns -1 if failed, otherwise returns ID #

int getFingerprintIDez( Adafruit_Fingerprint& _fingerprintSensor ) {
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uint8 t p = _fingerprintSensor.getImage();
if (p !'= FINGERPRINT_OK) return -1;

p = _fingerprintSensor.image2Tz();
if (p != FINGERPRINT_OK) return -1;

p = _fingerprintSensor.fingerFastSearch();
if (p !'= FINGERPRINT_OK) return -1;

// found a match!
Logger::Instance().logDebug("Found ID #");

Logger: :Instance().logDebug(_fingerprintSensor.fingerliD);
Logger::Instance().logDebug(" with confidence of ");

Logger: :Instance().logDebugEndl(_fingerprintSensor.confidence);

return _fingerprintSensor.fingerlD;

}
}

namespace FingerprintExample

{

int runFind( Adafruit_Fingerprint& _fingerprintSensor )

{
_fingerprintSensor.getTemplateCount();
Logger::Instance().logDebugEndl("Sensor contains ");
Logger::Instance().logDebug( _fingerprintSensor.templateCount );
Logger: :Instance().logDebug(" templates");
Logger::Instance().logDebugEndl("Waiting for valid _fingerprintSensor...");
int res = -1;
using namespace std::chrono_literals;
while(res == -1)
{
res = getFingerprintIDez( _fingerprintSensor );
std::this_thread::sleep for(50ms);
}
return res;
}

#tinclude <stdlib.h>
#include <stdio.h>

#include <iostream>
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#include <string.h>

#include <fstream>

#include <sstream>

#include <vector>

#include <math.h>

#include <png++/png.hpp>
#include "Feature.h"

#include "WeakClassifier.h"
#include "StrongClassifier.h"

#tinclude "CascadeClassifier.h"

using namespace std;

void add_vertical mirror(vector<float*> &set, int width, int height) {

float *vmirror;
int i, j, x, y;
int size = set.size();
for (i=0; i<size; i++) {

vmirror = new float[width*height];

for (y=0; y<height; y++) {

for (x=0; x<width; x++) {

vmirror[ (y*width)+width-1-x] = set[i][(y*width)+x];

}

set.push_back(vmirror);

float* matrix_to_vector(float **img, int width, int height) {
float *v = new float[width*height];
for (int j=0; j<height; j++) {
for (int i=0; i<width; i++) {

v[(width*j)+i]=img[i][]];

}

return v;

float* integral_image(float *img, int width, int height) {
float* ii = new float[width*height];
float* s = new float[width*height];
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int x, y;

for (y = ©; y < height; y++) {
for (x = 0; x < width; x++) {
if (x == 0) s[(y*width)+x] = img[(y*width)+x];
else s[(y*width)+x] = s[(y*width)+x-1] + img[(y*width)+x];
if (y == 0) ii[(y*width)+x] = s[(y*width)+x];
else ii[(y*width)+x] = ii[((y-1)*width)+x] + s[(y*width)+x];

}

return ii;

float* squared_integral_ image(float *img, int width, int height) {
float* ii = new float[width*height];
float* s = new float[width*height];

int x, y;

for (y = @; y < height; y++) {
for (x = 0; x < width; x++) {
if (x == 0) s[(y*width)+x] = pow(img[(y*width)+x], 2);
else s[(y*width)+x] = s[(y*width)+x-1] + pow(img[ (y*width)+x],
if (y == 0) ii[(y*width)+x] = s[(y*width)+x];
else ii[(y*width)+x] = ii[((y-1)*width)+x] + s[(y*width)+x];

}

return ii;

2);

float evaluate_integral rectangle(float *ii, int iiwidth, int x, int vy,

float value = ii[((y+h-1)*iiwidth)+(x+w-1)];

if (x > @) value -= ii[((y+h-1)*iiwidth)+(x-1)];

if (y > @) value -= ii[(y-1)*iiwidth+(x+w-1)];

if (x > 0 & y > 0) value += ii[(y-1)*iiwidth+(x-1)];

return value;

float* normalize(float *img, int width, int height) {
float mean = 0;
float stdev = 0;

int i;

int w, int h) {
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for (i = @; i<width*height; i++) mean += img[i];

mean = mean/float(width*height);

for (i = @; i<width*height; i++) stdev += pow(img[i]-mean, 2);

stdev = stdev/(width*height);
stdev = sqrt(stdev);
if (stdev == @) stdev = 1;

for (i = @; i<width*height; i++) img[i]

return img;

vector<Feature*> generate_feature_set(int base_resolution) {
vector<Feature*> feature_set;
Feature *f;
int minwidth, minheight, width, height, x, y;

int i = 9;

// removed 5th type (4 sub-squares)

//for (int type = 0; type<5; type++) {

for (int type = 0; type<4; type++) {
if (type !'= 2) {

minwidth = 4;

width = 4;
}
else {
width = 3;
minwidth = 3;
}

if (type != 3) height = 4;
else height = 3;
X = 0;
y = 0;
while (height <= base_resolution) {
while (width <= base_resolution) {
while (y+height <= base_resolution) {
while (x+width <= base_resolution) {
f = new Feature(type, x, y, width, height);
feature_set.push_back(f);

(img[i]-mean)/stdev;
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y = 6;
if (type == @) width+=2;
else if (type == 2) width+=3;
else width++;
}
width = minwidth;
if (type == 1) height+=2;
else if (type == 3) height+=3;

else height++;

}

return feature_set;

void print_cclassifier_best_ features(CascadeClassifier *cc, int n) {
vector<StrongClassifier*> sc = cc->getStrongClassifiers();
vector<WeakClassifier*> wc;
Feature *f;
int i = 0;
for (vector<StrongClassifier*>::iterator it = sc.begin(); it != sc.end(); ++it) {
wc = (*it)->getWeakClassifiers();
for (vector<WeakClassifier*>::iterator it2 = wc.begin(); it2 != wc.end(); ++it2) {
f = (*it2)->getFeature();
if (i < n) {
cout << " #" << i+l << " (Type Width Height X Y) = (" << f->toString() << ")"

<< endl;
}
else break;
i++;
}
if (i > n) break;

void print_cclassifier_performance(CascadeClassifier *cc, vector<float*> &positive_set,

vector<float*> &negative_set, int base_resolution)
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{
int ferror = 0;
int nferror = 0;
for (int i=@; i<positive_set.size(); i++)
{
if (cc->classify(positive_set[i], base_resolution, 0, @, 0, 1) == false)
{
ferror++;
}
}
for (int j=0; j<negative_set.size(); j++)
{
if (cc->classify(negative_set[j], base_resolution, 0, @, 0, 1) == true)
{
nferror++;
}
}
cout << "Cascade classifier performance:" << endl << " FN = " << ferror << "/" <«
positive_set.size() << ", FP = " << nferror << "/" << negative_set.size() << endl;
}

StrongClassifier* AdaBoostLearning(CascadeClassifier *cc, vector<Feature*>
&feature_set, vector<float*> &positive_set, vector<float*> &negative_set,
vector<float*> &validation_set, float minfpr, float maxfnr, int base_resolution, bool
verbose) {

WeakClassifier *bestwc, *wc;

StrongClassifier *sc = new StrongClassifier();

float wsum, minerror, wcerror, betat, cfpr;

int i, j;

vector<Feature*>::iterator it;

float *weights = new float[positive_set.size()+negative_set.size()];

for (i=0; i<positive_set.size(); i++) weights[i] = 1/float(2*positive_set.size());
for (i=0@; i<negative_set.size(); i++) weights[positive_set.size()+i] =

1/float(2*negative_set.size());

cfpr = 1.0;
float *fvalues = new float[positive_set.size()+negative_set.size()];

while (cfpr > minfpr) {
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// Stop adding new weak classifiers if all negative samples are correctly
classified

if (sc->fpr(negative_set, base_resolution) == @) {

if (verbose) cout << All training negative samples classified correctly. Could

not achieve validation target FPR (" << cfpr << > << minfpr << ") for this stage."
<< endl;
break;
}

// Normalize weights[i]

wsum = 0;

for (i=0; i<(positive_set.size()+negative_set.size()); i++) wsum += weights[i];
for (i=0; i<(positive_set.size()+negative_set.size()); i++) weights[i] =

weights[i]/wsum;

// Select best weak classifier
minerror = 1;
bestwc = NULL;
for (it = feature_set.begin(); it != feature_set.end(); ++it) {
wc = new WeakClassifier(*it);
for (i=0; i<positive set.size(); i++) fvalues[i] = (*it)-
>getValue(positive_set[i], base_resolution, 0, 9);
for (i=0; i<negative_set.size(); i++) fvalues[positive_set.size()+i] = (*it)-
>getValue(negative_set[i], base_resolution, 0, 9);
wcerror = wc->find_optimum_threshold(fvalues, positive_set.size(),
negative_set.size(), weights);
if (wcerror < minerror) {
delete bestwc;
bestwc = wc;
minerror = wcerror;

}

else delete wc;

// Update sample weights

betat = minerror/(1-minerror);

for (i=0; i<positive set.size(); i++) if (bestwc->classify(positive_set[i],
base_resolution, @, @, 0, 1) == 1) weights[i] = weights[i]*betat;

for (i=0; i<negative set.size(); i++) if (bestwc->classify(negative_set[i],
base_resolution, 0, 0, 0, 1) == -1) weights[positive set.size()+i] =

weights[positive_set.size()+i]*betat;
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// Update current false positive ratio
sc->add(bestwc, log(1l/betat));
sc->optimise_threshold(positive_set, base_resolution, maxfnr);
if (validation_set.size() > 9) {

cc->push_back(sc);

cfpr = cc->fpr(validation_set);

cc->pop_back();
}

else cfpr = sc->fpr(negative_set, base_resolution);

if (verbose) {
if (validation_set.size() > @) cout << " -> Added new Haar feature (Validation
set FPR=" << cfpr << ")" << endl;

else cout <« -> Added new Haar feature (FPR=" << cfpr << ")" << endl;

}
delete[] weights;

delete[] fvalues;

return sc;

float* parse_float_string(string image, int width, int height) {
float *img = new float[width*height];
int x=0, y=0;
float value;

istringstream iss(image);

while (iss >> value) {
if (y == height) {
cout << endl << "WARNING: image size differs from " << width << "x" << height <«
(ignoring sample)" << endl;
return NULL;
}
img[ (y*width)+(x++)] = value;
if (x == width) {
X = 0;

y++;
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if (x '=0 || y != height) {
cout << endl << "WARNING: image size differs from " << width << "x" << height << "
(ignoring sample)" << endl;
return NULL;
}

return img;

int* parse_int_string(string image, int width, int height) {
int *img = new int[width*height];
int x=0, y=0;
int value;

istringstream iss(image);

while (iss >> value) {
if (y == height) {
cout << endl << "WARNING: image size differs from " << width << "x" << height <«
(ignoring sample)" << endl;
return NULL;
}
img[ (y*width)+(x++)] = value;
if (x == width) {
X = 0;

y++;

}
if (x '=0 || y != height) {
cout << endl << "WARNING: image size differs from " << width << "x" << height << "
(ignoring sample)" << endl;
return NULL;
}

return img;

void merge_detections(vector<int*> detections) {
int x1, y1, x2, y2, s1, s2;
int minx, miny, maxx, maxy;
for (int i=0; i<detections.size(); i++) {
x1 = detections[i][@]; yl1 = detections[i][1]; sl = detections[i][2];
for (int j=i+1; j<detections.size(); j++) {

x2 = detections[j][@]; y2 = detections[j][1]; s2 = detections[j][2];
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if (j'=1i && ((x1 < x2+s2) &8& (x2 < x1+s1l) && (y1l < y2+s2) && (y2 < yl+sl))) {
// There's overlapping between detections
if (x1 > x2) {
minx = x2;

maxx = x1;

}
else {
minx = x1;
maxx = X2;
}
if (y1 > y2) {
miny = y2;
maxy= y1;
}
else {
miny = yi;
maxy = y2;
}

detections[i][@]=minx; detections[i][1]=miny; detections[i][2]=max(maxx-minx,
maxy-miny);
detections.erase(detections.begin()+3j);

j=-1;

void draw_square(png::image<png::rgb_pixel> *img, int x, int y, int size) {
int thickness = 1+(size/100);
png::rgb_pixel red;
red.red = 255;
red.green = 0;

red.blue = 0;

for (size t i = x; i < x+size; ++i)
{
for (size_t j = y; j < y+thickness; ++j)

img->set_pixel(i, j, red);

for (size_t k = y+size-1; k > (y+size-1)-thickness; --k)

img->set pixel(i, k, red);
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}
for (size t 1 =y; 1 < y+size; ++1) {
for (size_t m = x; m < x+thickness; ++m)

img->set_pixel(m, 1, red);

for (size_t n = x+size-1; n > (x+size-1)-thickness; --n)

img->set_pixel(n, 1, red);

png::image<png::rgb_pixel> detect_objects(png::image<png::rgb _pixel> img,
CascadeClassifier *cc, float fscale, float fincrement) {

png::rgb_pixel p;

float *gsimg, *iimg, *siimg;

int i, j, a, b, increment;

size t x, y;

int fnotfound = 9;

float mean, stdev;

int* detection;

vector<int*> detections;

// Convert RGB image to grayscale
gsimg = new float[img.get width()*img.get_height()];
for (y = @0; y < img.get_height(); ++y) {
for (x = @; x < img.get_width(); ++x) {
p = img.get_pixel(x, y);
gsimg[ (y*img.get_width())+x] = ((0.21*p.red)+(0.71*p.green)+(0.07*p.blue));

// Calculate integral image and squared integral image

iimg = integral_image(gsimg, img.get _width(), img.get _height());

siimg = squared_integral image(gsimg, img.get width(), img.get height());
delete[] gsimg;

// Run face detection on multiple scales

int base_resolution = cc->getBaseResolution();

while (base_resolution <= img.get width() && base_resolution <= img.get_height())
increment = base_resolution*fincrement;

if (increment < 1) increment = 1;
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// Slide window over image
for (i=0@; (i+base_resolution)<=img.get _width(); i+=increment) {
for (j=0; (j+base_resolution)<=img.get height(); j+=increment) {
// Calculate mean and std. deviation for current window
mean=evaluate_integral_ rectangle(iimg, img.get_width(), i, j, base_resolution,
base_resolution)/pow(base_resolution, 2);
stdev = sqrt((evaluate_integral_rectangle(siimg, img.get_width(), i, j,

base_resolution, base_resolution)/pow(base_resolution, 2))-pow(mean, 2));

// Classify window (post-normalization of feature values using mean and stdev)
if (cc->classify(iimg, img.get width(), i, j, mean, stdev) == true) {
detection = new int[3];
detection[@]=1i; detection[1]=j; detection[2]=base_resolution;
detections.push_back(detection);

}

else fnotfound++;

cc->scale(fscale);

base_resolution = cc->getBaseResolution();

// Merge overlapping detections

merge_detections(detections);

cout << detections.size() << " objects found (" << detections.size()+fnotfound <<
total subwindows checked)" << endl;

for (std::vector<int*>::iterator it = detections.begin(); it != detections.end(); +
+it) {

draw_square(&img, (*it)[e], (*it)[1], (*it)[2]);

return img;

int main(int argc, char** argv) {
bool train = false;
bool test = false;
int base_resolution = 21;

int csteps = 8;



float scalefstep = 1.25;
float slidefstep = 0.1;

float strictness = 1;
float maxfnr = 0.01;
float Ftarget = 0.000001; // target overall false positive rate

float *Fi; // target false positive rate for current classifier

string positive_samples_url = "";
string negative_samples_url = "";
string validation_samples_url = "";
string modelfile = "";

vector<float*> positive_set, negative_set, validation_set;
bool verbose = true;

bool rotatenegative = false;

bool mirrorpositive = false;

false;

bool use_validation
bool disable normalization = false;
int neg_samples_per_step = 0;

int validation_samples = 0;

float *auximg;

float *auxiimg;

if (argc < 3) {
printUsage(argv[0]);

return -1;

// Read input arguments
for (int i=1; i<argc; i++) {

if (strcmp(argv[i], "-t") == @ || strcmp(argv[i], "--train") == @) train = true;
else if (strcmp(argv[i], "-m") == @ || strcmp(argv[i], "--model") == @) {
modelfile = argv[i+l1];
i++;
}
else if (strcmp(argv[i], "--base-resolution") == 0) {
base_resolution = stoi(argv[i+l]);
i++;
}
else if (strcmp(argv[i], "--cascade-steps") == @ || strcmp(argv[i], "-c") == @) {
csteps = stoi(argv[i+l]);

i++;
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else if (strcmp(argv[i],

else if (strcmp(argv[i],
modelfile = argv[i+l1];
i++;

}

else if (strcmp(argv[i],

rotatenegative = true;

}
else if (strcmp(argv[i],
mirrorpositive = true;

}

else if (strcmp(argv[i],

"--test") == @) test =

true;

-0") == @ || strcmp(argv[i], "--output") == @) {

"--enable-rotation") == 0) {

"--enable-mirroring") == 0) {

"--maxfnr-per-step") == 0) {

maxfnr = stof(argv[i+l]);

i++;
}

else if (strcmp(argv[i],

neg_samples_per_step =

i++;

}

else if (strcmp(argv[i],
use_validation = true;
validation_samples =
i++;

}

else if (strcmp(argv[i],
Ftarget =
i++;

}

else if (strcmp(argv[i],
disable_normalization

}

else if (strcmp(argv[i],

"--negative-samples-per-step”) == 0) {

stoi(argv[i+l]);

"--validation-samples") == 0) {

stoi(argv[i+l]);

"--target-fpr") == 0) {

stof(argv[i+l]);

"--disable-norm") == 0) {

true;

"--scale-step") == 0) {

scalefstep = stof(argv[i+l]);

i++;
}

else if (strcmp(argv[i],

"--slide-step") == 0) {

slidefstep = stof(argv[i+l]);

i++;
}
else if (strcmp(argv[i],

strictness =

"-s") == 0 || strecmp(argv[i], "--strictness") == 0) {
stof(argv[i+l]);
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i++;
}

else if (positive_samples_url.compare(

) == @) positive_samples_url = argv[i];

else if (negative_samples_url.compare("") == @) negative_samples_url = argv[i];
else if (validation_samples_url.compare("") == 0) {
use_validation = true;
validation_samples_url = argv[i];
}
else {
printUsage(argv[0]);

return -1;

// Training mode
if (train) {
if (modelfile.compare("") == @ || positive samples_url.compare("") == 0 ||
negative_samples_url.compare("") == 0) {
cout << "usage for train mode: " << argv[@] << " --train --output MODELFILE [--

maxfnr-per-step F --cascade-steps N --target-fpr T --negative-samples-per-step N
--validation-samples V --enable-mirroring --enable-rotation] --base-resolution X
POS_SAMPLES_FILE NEG_SAMPLES FILE [VALIDATION_NEG_SAMPLES_FILE]" << endl;

return -1;

if (csteps < 1) {
cout << "Error: the number of cascade steps must be greater than @ (" << csteps
<< " selected)" << endl;
return -1;
}
// Calculate target FPR per step according to csteps and Ftarget
Fi = new float[csteps];
if (csteps == 1) Fi[@]=Ftarget;
else {
Fi[@]=0.5;
if (csteps == 2) Fi[l]=Ftarget/Fi[0];
else {
Fi[1]=0.25;
float initialfprperstep = Fi[@]*Fi[1];
float fprperstep = pow((Ftarget/initialfprperstep), 1/float(csteps-2));

for (int cs = 2; cs < csteps; cs++) Fi[cs] = fprperstep;
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// Print cascade classifier training details

if (verbose) {

cout << "Training cascade classifier with the following parameters:" << endl <<
endl << " Maximum number of cascade steps: " << csteps << endl << " Target FPR: " <<
Ftarget << endl << " Maximum FPR per cascade step: ";

for (int k=0; k<csteps; k++) cout << Fi[k] <« ;

cout << endl << Maximum FNR per cascade step: << maxfnr << endl;

if (neg_samples_per_step != 0) cout << Negative training samples per step:

<< neg_samples_per_step << endl;

cout << Cascade model file generated: << modelfile << endl << endl;

// Load faces file
ifstream pfile(positive samples url.c_str());
string sline = "";
if (verbose) {
if (mirrorpositive) cout << "Loading positive samples file (+ vertical mirror)
from \"" << positive_samples url << "\" ... " << flush;
else cout << "Loading positive samples from \""
"\" ... " << flush;
}

while (getline(pfile, sline)) {

<< positive_samples_url <<

if (disable_normalization) positive_set.push_back(parse_float_string(sline,
base_resolution, base_resolution));
else positive_set.push_back(normalize(parse_float_string(sline, base_resolution,
base_resolution), base_resolution, base_resolution));
}
pfile.close();
// Duplicate positive samples set by adding the vertical mirror
if (mirrorpositive) add _vertical mirror(positive set, base_ resolution,
base_resolution);

if (verbose) cout << "Done (" << positive_set.size() << ")" << endl;
// Set number of negative samples for training per cascade step to faces.size() if
not specified

if (neg_samples_per_step == 0) neg_samples_per_step = positive_set.size();

// Load negative samples file (read done incrementally step by step)
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ifstream nffile(negative_samples_url.c_str());

sline = ;

// Load validation file if available, otherwise take first
validation_samples/neg_samples_per_step negative samples from negative samples set
if (use_validation && validation_samples_url.compare("") == 0) {
if (verbose) {

if (validation_samples == @) validation_samples = neg samples_per_step;

cout << "Loading " << validation_samples << validation samples from \"" <<

negative_samples_url << "\" ... " << flush;
}
while (getline(nffile, sline)) {
auximg = parse_float_string(sline, base_resolution, base_resolution);
if (auximg != NULL) {
if (disable_normalization) validation_set.push_back(auximg);
else validation_set.push_back(normalize(auximg, base_resolution,
base_resolution));

if (validation_set.size() == validation_samples) break;

}

if (verbose) cout << "Done (" << validation_set.size() << ")" << endl;
}
else if (use_validation) {
ifstream vfile(validation_samples_url.c_str());
if (verbose) {
if (validation_samples == @) cout << "Loading validation samples from \"" <<

validation_samples url << "\" ... " << flush;

else cout << "Loading " << validation_samples << " validation samples from \

<< validation_samples_url << "\" ... " << flush;
}
while (getline(vfile, sline)) {
auximg = parse_float_string(sline, base_resolution, base_resolution);
if (auximg != NULL) {
if (disable_normalization) validation_set.push_back(auximg);
else validation_set.push_back(normalize(auximg, base_resolution,
base_resolution));
}
if (validation_samples != @ && validation_set.size() == validation_samples)
break;

}

vfile.close();



93

if (verbose) cout << "Done (" << validation_set.size() << ")" << endl;

// Compute integral image for all images in positive and validation sets
if (verbose) cout << "Computing integral image for all images ... " << flush;
int psize = positive_set.size();
for (int im=0; im<psize; im++) {
positive_set.push_back(integral image(positive_set[im], base_resolution,
base_resolution));
positive_set.erase(positive_set.begin());
}
int vsize = validation_set.size();
for (int vim=0; vimcvsize; vim++) {
validation_set.push_back(integral image(validation_set[vim], base_resolution,
base_resolution));
validation_set.erase(validation_set.begin());

}

if (verbose) cout << "Done" << endl;

// Generate complete feature set for BASERESXBASERES resolution
vector<Feature*> feature_set = generate_feature_set(base_resolution);

if (verbose) cout << endl << "Total number of features: << feature_set.size() <«

endl;

int n, fdel, nfdel, invalidsamples, validsamples, rotation;
float maxfpr = 1.0;

StrongClassifier *sc;

// Build cascade classifier
CascadeClassifier *cc = new CascadeClassifier(base_resolution);
for (int k=0; k<csteps; k++) {

if (verbose) cout << endl << "Building cascade classifier (step " << (k+1) <<

of " << csteps << "):" << endl << " Loading missclassified negative samples ... <<

flush;

// Add negative samples to set until negative_set.size()=neg_samples_per_step
if (negative_set.size() < neg_samples_per_step) {

invalidsamples = 0;

validsamples = 9;

while (getline(nffile, sline)) {

auximg = parse_float_string(sline, base_resolution, base_resolution);
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if (auximg != NULL) {
validsamples++;
if (!disable_normalization) auximg = normalize(auximg, base_resolution,
base_resolution);
if (rotatenegative) {
for (rotation = 0; rotation < 4; rotation++) {
auxiimg = integral_image(auximg, base_resolution, base_resolution);
if (cc->classify(auxiimg, base_resolution, @0, 0, 0, 1) == true) {
negative_set.push_back(auxiimg);
if (negative_set.size() == neg_samples_per_step) break;
}
if (rotation < 3) auximg = rotate_90deg(auximg, base_resolution,

base_resolution);

}
if (negative_set.size() == neg_samples_per_step) break;
}
else {
auximg = integral_image(auximg, base_resolution, base_resolution);
if (cc->classify(auximg, base_resolution, 0, 0, 0, 1) == true) {
negative_set.push_back(auximg);
if (negative_set.size() == neg_samples_per_step) break;
}
}
}
else invalidsamples++;

if (negative_set.size() > 0) {
// Run AdaBoost algorithm to select best Haar features until Fi[@]*...*Fi[k]
(FPR for current step) is met on validation set or Fi[k] is met on negative set
if (use_validation) maxfpr = maxfpr*fFi[k];
else maxfpr = Fi[k];

if (verbose) cout << "Done (" << validsamples+invalidsamples << " negative

samples consumed)” << endl << Running AdaBoost algorithm (target FPR = " << maxfpr
<< "):" << endl;

sc = AdaBoostlLearning(cc, feature_set, positive_set, negative_set,
validation_set, maxfpr, maxfnr, base_resolution, verbose);

cc->push_back(sc);

if (verbose) {
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if (use_validation) print_cclassifier_performance(cc, positive_set,
validation_set, base_resolution);

else print_cclassifier_ performance(cc, positive_set, negative_set,
base_resolution);

cout <«

}

// Remove false detections from training set
fdel = 0; nfdel=0;

Removing false detections from training set ... " << flush;

for (n=0; n<negative set.size(); n++) {
if (sc->classify(negative_set[n], base_resolution, @, 0, 0, 1) == false) {
negative_set.erase(negative_set.begin()+n);
n--;

nfdel++;

}
for (n=0; n<positive_set.size(); n++) {
if (sc->classify(positive_set[n], base_resolution, @, @, @, 1) == false) {
positive_set.erase(positive_set.begin()+n);
n--;

fdel++;

}

if (verbose) cout << "Done (" << nfdel <<

}

else {

negative samples removed)" << endl;

if (verbose) cout << endl << "Not enough negative samples missclassified by the
current cascade classifier for training a new step" << endl;

break;

}
nffile.close();

if (use_validation) print_cclassifier_performance(cc, positive_set, validation_set,
base_resolution);

if (verbose) cout << "Saving cascade classifier model file to \"" << modelfile <«
"\" ... " << flush;

cc->save(modelfile);

if (verbose) cout << "Done" << endl;

// Test cascade classifier model

else if (test) {
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if (modelfile.compare("") == @ || positive_samples_url.compare("") == 0 ||
negative_samples_url.compare("") == 0) {
cout << "usage for test mode: " << argv[@] << " --test -m MODELFILE [--enable-

rotation --enable-mirroring] --base-resolution X POS_SAMPLES_FILE NEG_SAMPLES_FILE" <<
endl;

return -1;

CascadeClassifier *c = new CascadeClassifier(modelfile);

c->strictness(strictness);

// Load faces file

ifstream pfile(positive_samples_url.c_str());

string sline = "";

if (verbose) {

if (mirrorpositive) cout << "Loading positive samples file (+ vertical

mirror) ... " << flush;

else cout << "Loading positive samples file ... " << flush;

while (getline(pfile, sline)) {
if (disable_normalization) positive_set.push_back(parse_float_string(sline,
base_resolution, base_resolution));
else positive set.push_back(normalize(parse_float_string(sline, base_resolution,

base_resolution), base resolution, base_resolution));

}

pfile.close();

// Duplicate faces set by adding the vertical mirror

if (mirrorpositive) add_vertical_mirror(positive_set, base_resolution,
base_resolution);

if (verbose) cout << "OK (" << positive_set.size() << ")" << endl;

// Load no-faces file
ifstream nffile(negative_samples_url.c_str());
sline = "";
if (verbose) {
if (rotatenegative) cout << "Loading negative samples file (+ 90, 180 and 270
deg.) ... " << flush;
else cout << "Loading negative samples file ... " << flush;

}
while (getline(nffile, sline))
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auximg = parse_float_string(sline, base_resolution, base_resolution);
if (auximg !'= NULL) {

if (disable_normalization) negative_set.push_back(auximg);

else negative_set.push_back(normalize(auximg, base_resolution,

base_resolution));

}

nffile.close();

// Enlarge non-faces set by rotating non-face images by 90, 180 and 270 degrees

if (rotatenegative) add_rotated_images(negative set, base_resolution,
base_resolution);

if (verbose) cout << "OK (" << negative_set.size() << ")" << endl << endl;

// Compute integral image for all images
int psize = positive_set.size();
for (int im=0; im<psize; im++) {
positive_set.push_back(integral image(positive_set[@], base_resolution,
base_resolution));
positive_set.erase(positive_set.begin());
}
int nsize = negative_set.size();
for (int nim=0; nim<nsize; nim++) {
negative_set.push_back(integral_ image(negative_set[@], base_resolution,
base_resolution));

negative_set.erase(negative _set.begin());

cout << "Cascade classifier total steps: " << c->getStrongClassifiers().size() <<

endl << endl;

cout << "Cascade classifier best 3 features:" << endl;
print_cclassifier_best_ features(c, 3);
cout << endl;

print_cclassifier_performance(c, positive_set, negative_set, base_resolution);

// Face detection over image
else {
if (modelfile.compare("") == @ || positive_samples_url.compare("") == @)

{
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cout << "usage for detection mode: " << argv[@] << " -m MODELFILE [--scale-step X
--slide-step Y --strictness S] IMAGE.PNG" << endl;

return -1;

// Load cascade classifier model
CascadeClassifier *c = new CascadeClassifier(modelfile);
c->strictness(strictness);

// Load PNG image

png::image<png::rgb_pixel> image(positive_samples url);

cout << "Detecting objects in image \ << positive_samples_url << "\" ... <<

flush;

png::image<png::rgb_pixel> res = detect_objects(image, c, scalefstep, slidefstep);
res.write(positive_samples_url.substr(@, positive_samples_url.size()-
4)+".1fobject.png");
}

return 0;
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