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Measurement Update (““Correct’)

Time Update (“Predict™)
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(1) Project the state ahead
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1-1+ %% OpenCV #2575 (.cpp) *

#include <math.h>

#include <iostream>

#include <ctype.h>

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

#include <opencv2/highgui/highgui.hpp>
#include <opencv2/legacy/legacy.hpp>
#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/video/background_segm.hpp>
#include <windows.h>

#include <ctime>

#include <iomanip>

#include <vector>

#include <thread>

#include "tracker.h™

#include "function.h™

using namespace std;

using namespace cv;

using namespace Object_Tracking;

const float *ranges1[] = { hrange, srange };

void hotspotfunc();

int objectnums =0, Total =0, t=0;

int lastcenterx = 0;

int lastcentery = 0;

int size = 2;

int RER = 40;

float maxx = 0.0;

Mat hotpoint = Mat::zeros(H, W, CV_8UC3);

Mat hotpoint2(H, W, CV_32FC1, Scalar(0));

Mat frame, framel, frame2, object, ftrack, hotspot;
vector<vector<Point> > contours;




vector<Vec4i> hierarchy;
vector<PARTICLEFILTER> objects;
vector<KalManTT> KFS;

Mat obstacle(160, 160, CV_8UC3, Scalar(255));

int main(int argc, char** argv)

{
VideoCapture cap;

if ("cap.open("Videol6.mp4"))
{
cout << "byeybe" << endl;
return -1;

}
const float p = 0.07;

cout << (W * (1-2*p)) <<endl;
cout<< (H* (1-2*p))<<endl,

BackgroundSubtractorMOG2 background(16, 25, true);
/Ibackground.nShadowDetection = 0;
/lbackground.fTau = 0.5;

/lint area = 0;

Mat element = getStructuringElement(MORPH_ELLIPSE, Size(2 *size + 1,2 *
size + 1));

for (1
cap >> frame2;

Mat imgROI = frame2(Rect(160, 160, 160,160 ));
addWeighted(imgROl, 0, obstacle, 1,0, imgROI);

if (frame2.empty())
{

cout << "byeybe" << endl;
cvDestroyWindow("object4");




cvDestroyWindow("object");

cvDestroyWindow("resulyyrt");

cvDestroyWindow("'object3");

break;
}
resize(frame2, framel, Size( W, H), INTER_LINEAR);
LARGE_INTEGER startTime, endTime, fre;
double times;
QueryPerformanceFrequency(&fre); //Hi5-CPUSH%
QueryPerformanceCounter(&startTime); /Y {55 421 27 45 5 24 (E CPU

background(framel, object, 0.005);
if (t>=40){

thread hotspotThread(hotspotfunc);
threshold(object, object, 170,255,0);

morphologyEx(object, object, MORPH_CLOSE, element);
morphologyEx(object, object, MORPH_OPEN, element);

findContours(object, contours, hierarchy, CV_RETR_TREE,

CV_CHAIN_APPROX_SIMPLE);

cvtColor(framel, frame, CV_BGR2HSV);
vector<Rect> boundRect(contours.size());
vector<vector<Point> > contours_poly(contours.size());
int newobject = 0;
for (signed int i = 0; i < contours.size() ; i++)
{
approxPolyDP(Mat(contours[i]), contours_poly[i], 3, true);
boundRect.at(i) = boundingRect(Mat(contours_poly[i]));
/lcout << boundRect[i].area() << endl;
Point boundcenter(boundRect.at(i).x + (boundRect.at(i).width / 2),

boundRect.at(i).y + (boundRect.at(i).height / 2));

drawContours(object, contours_poly, i, Scalar(255, 255, 255),

CV_FILLED);

if (boundRect[i].area() > 3200 &&
((boundcenter.x >(W * (1 - 2 * p)) && boundcenter.x <(W * (1 -




P))
|| (boundcenter.x <(W * 2 * p) && boundcenter.x >(W * p))

|| (boundcenter.y >(H * (1 - 2 * p)) && boundcenter.y < (H * (1 -

P))
|| (boundcenter.y < (H * 2 * p) && boundcenter.y >(H * p))))
{
drawContours(object, contours_poly, i, Scalar(255, 255, 255),
CV_FILLED);
lastcenterx = boundRect.at(i).x + (boundRect.at(i).width / 2);
lastcentery = boundRect.at(i).y + (boundRect.at(i).height / 2);
e e
int check=0;
for (int j = 0; j < objectnums; j++)
{

float dist_x = sgrt(pow(lastcenterx -
(objects.at(j).result.x + objects.at(j).result.width/2), 2));

float dist_y = sgrt(pow(lastcentery -
(objects.at(j).result.y + objects.at(j).result.height/2), 2));

if (dist x > objects.at(j).result.width/2 || dist_y >
objects.at(j).result.height/2)

check++;

else

Mat boundRect_hist;

Mat boundRect_img = Mat(frame,
boundRect.at(i));

calcHist(&boundRect_img, 1, channels,
Mask(boundRect.at(i)), boundRect_hist, 2, hist_size, rangesl);

normalize(boundRect_hist, boundRect_hist);

float similarity =
1-pow(compareHist(objects.at(j).targethist, boundRect_hist,
CV_COMP_BHATTACHARYYA),4);

/lcout << "similarity =" << similarity << endl,

if (similarity > 0.6)

break;
else




check++;

if (check == objectnums)

{
PARTICLEFILTER Object;
newobject++;
Object.targetRect = boundRect.at(i);
Obiject.initial(Object.targetRect);
Object.target(frame, Object.targetRect);
objects.push_back(Obiject);

KalManTT kfs;
kfs.initial(lastcenterx, lastcentery);
KFS.push_back(kfs);

/lcout << "newobject1!" << endl;
/lcout << Object.trackvalid << endl,

}
if (newobject > 0){
objectnums = objectnums + newobject;
Total = objectnums + newobject;
}
#pragma omp parallel for
for (int j = 0; j < objectnums; j++)
{
objects.at(j).track(objects.at(j).targethist, frame, framel,
objects.at(j).targetRect, KFS.at(j).dx, KFS.at(j).dy, KFS.at(j).statePt.x,
KFS.at(j).statePt.y);
KFS.at(j).prediction(objects.at(j).trackvalid, objects.at(j).center.x,
objects.at(j).center.y);
rectangle(framel, objects.at(j).result, Scalar(0, 255, 0), 2, 8, 0);
/lcout << KFS.at(j).statePt << ™ objectn: " << objectnums << endl;
/Isystem(""pause™);




hotspotThread.join();
for (int j = 0; j < objectnums; j++)
{
KFS.at(j).update();
rectangle(framel, Rect(KFS.at(j).statePt.x - objects.at(j).HXY .x / 2,
KFS.at(j).statePt.y - objects.at(j).HXY.y / 2, objects.at(j). HXY .x,
objects.at(j).HXY.y), Scalar(255, 255, 255), 2, 8, 0);
circle(framel, KFS.at(j).statePt, 1, CV_RGB(255, 255, 255), 2);
if (KFS.at(j).statePt.x > (W * (1 - 1 * p)) || KFS.at(j).statePt.x < (W * 1

|| KFS.at(j).statePt.y >(H * (1 - 1 * p)) || KFS.at(j).statePt.y < (H *

vector<PARTICLEFILTER>::iterator itortrack;
vector<KalManTT>::iterator itorTT;

itortrack = objects.begin() + j;
itorTT = KFS.begin() +j;

objects.erase(itortrack);
KFS.erase(itorTT);

objectnums--;

¥

}
addWeighted(framel, 1.0, hotpoint, 0.3, 0, hotspot);

imshow (“"object", object);
imshow("object3", hotpoint2);
imshow("hotspot”, hotspot);
/limshow("object4", hotpoint);
imshow (“resulyyrt"”, framel);

QueryPerformanceCounter(&endTime); /B 5G4 EIF2 0T 75 ple 4%t
#&(& CPU Cycle

times = ((double)endTime.QuadPart - (double)startTime.QuadPart) /
fre.QuadPart;




cout << fixed << setprecision(20) << times << 's' << endl;
t++;
char ¢ = cvWaitKey(20);
if (c==27){

break;

¥

cout << Total << endl;
system(“'pause™);

cout << endl;

return O;

void hotspotfunc(){

for (int j = 0; j < objectnums; j++)
{
for (int a = KFS.at(j).statePt.x - RER; a < KFS.at(j).statePt.x + RER; a++)
{
for (int b = KFS.at(j).statePt.y - RER; b < KFS.at(j).statePt.y + RER;
b++)

if (KFS.at(j).statePt.y - RER >= 0 && KFS.at(j).statePt.y + RER
< H && KFS.at(j).statePt.x - RER >= 0 && KFS.at(j).statePt.x + RER < W)
{
if (sqrt(pow((a - KFS.at(j).statePt.x), 2) + pow((b -
KFS.at(j).statePt.y), 2)) <= RER)
{
hotpoint2.at<float>(b, a) += exp(-sqrt(pow((a -
KFS.at(j).statePt.x), 2) + pow((b - KFS.at(j).statePt.y), 2)) / 20);
if (hotpoint2.at<float>(b, a) >= maxx)

{

maxx = hotpoint2.at<float>(b, a);

¥

else
hotpoint2.at<float>(b, a) +=0;




}
}
}
if (objectnums >=1)
{

#pragma omp parallel for
for (intii = 0; ii <W; ii++)
{
for (int jj = 0; jj < H; jj++)
{
if (hotpoint2.at<float>(jj, ii) > 6 * maxx / 16)
{
hotpoint.at<\Vec3b>(jj, ii)[2] =
(80/maxx)*hotpoint2.at<float>(jj, ii)+175;
hotpoint.at<\Vec3b>(jj, ii)[0] = O;
hotpoint.at<\Vec3b>(jj, ii)[1] = (-510/
maxx)*hotpoint2.at<float>(jj, ii) + 408;
if ((-510 / maxx)*hotpoint2.at<float>(jj, ii) + 408 < 0)
hotpoint.at<\Vec3b>(jj, ii)[1] = O;
}
else if (hotpoint2.at<float>(jj, ii) <4 * maxx / 16)
{
hotpoint.at<\Vec3b>(jj, ii)[2] = O;
hotpoint.at<\Vec3b>(jj, ii)[0] = (510 /
maxx)*hotpoint2.at<float>(jj, ii)-510;
hotpoint.at<\Vec3b>(jj, ii)[1] = O;

else

hotpoint.at<\Vec3b>(jj, ii)[2] = O;
hotpoint.at<\Vec3b>(jj, ii)[0] = O;
hotpoint.at<\Vec3b>(jj, ii)[1] = 255 - 60 *
(hotpoint2.at<float>(jj, ii) / maxx);
}




1-2 ~ = % OpenCV 423 75 (.cpp)

#include <math.h>

#include <iostream>

[/[#include <opencv2/core/core.hpp>
#include <opencv2/opencv.hpp>

[l#include <vector>

/[#include <opencv2/imgproc/imgproc.hpp>
using namespace std;

using namespace cv;

Mat Mask(Rect msk){
Mat ellipsemask;
ellipsemask = Mat::zeros(msk.height, msk.width, CVV_8UC1);
floata=0,b=0,c=0;
Point F1, F2, Center;
if (msk.height > msk.width)

{
a = msk.height / 2;
b = msk.width / 2;
c = sqrt(a*a - b*b);
F1 = Point(b, a + ¢);
F2 = Point(b, a - ¢);
Center = Point(b, a);

}

else

{

a = msk.width / 2;

b = msk.height / 2;
c = sqrt(a*a - b*b);
F1 =Point@a+c, b);
F2 = Point(a - c, b);
Center = Point(a, b);




for (float i = 0; i < msk.width; i++)
{
for (float j = 0; j < msk.height; j++)
{
float distFF = sqrt((i - F1.x)*(i - F1.x) + (j - F1.y)*(j - F1.y)) + sqrt((i -
F2.x)*(i - F2.X) + (j - F2.y)*(j - F2.y));
if (distFF > 2 * a)
{

ellipsemask.at<uchar>(j, i) = 0;

else

/lellipsemask.at<uchar>(j, i) = 255 * (1 - 0.9*(((float)j -
Center.y)*((float)j - Center.y) / Center.y*Center.y + ((float)i - Center.x)*((float)i -
Center.x) / Center.x*Center.x));

ellipsemask.at<uchar>(j, i) = 255 * (1 - 0.9*(((j -
Center.y)*(j - Center.y)) / (Center.y*Center.y) + ((i - Center.x)*(i - Center.x)) /
(Center.x*Center.x)));

¥

¥

return ellipsemask;

1-3 + % & OpenCV #2 ;% 75 (.cpp)

#include <iostream>

#include <opencv2/opencv.hpp>
#include <opencv2/legacy/legacy.hpp>
#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/video/tracking.hpp>
#include <vector>

#include <iomanip>

#include "tracker.h™

#include "function.h™

using namespace Object_Tracking;
using namespace std;




using namespace cv;

const float *ranges[] = { hrange, srange };

int WR = W* 0.05, HR = H *0.05;

void PARTICLEFILTER::initial(Rect bound){
CvMat lowerBound;
CvMat upperBound;

float maxxRange = bound.x + .5*bound.width + WR, maxyRange = bound.y
+ .5*bound.height + HR, maxHxRange = 1.1*bound.width, maxHyRange =
1.1*bound.height;

float minxRange = bound.x + .5*bound.width - WR , minyRange = bound.y
+ .5*bound.height -HR , minHxRange = 0.9*bound.width, minHyRange =
0.9*bound.height;

float minRange[] = { minxRange, minyRange, minHxRange, minHyRange };

float maxRange[] = { maxxRange, maxyRange, maxHxRange, maxHyRange };

cvinitMatHeader(&lowerBound, 4, 1, CV_32FC1, minRange);

cvinitMatHeader(&upperBound, 4, 1, CV_32FC1, maxRange);

cvConDenslInitSampleSet(ConDens, &lowerBound, &upperBound);

Il 4*4 dynamMat including Hx & Hy

ConDens->DynamMatr[0] = 1.0; ConDens->DynamMatr[1] = 0.0;
ConDens->DynamMatr[2] = 0.0; ConDens->DynamMatr[3] = 0.0;

ConDens->DynamMatr[4] = 0.0; ConDens->DynamMatr[5] = 1.0;
ConDens->DynamMatr[6] = 0.0; ConDens->DynamMatr[7] = 0.0;

ConDens->DynamMatr[8] = 0.0; ConDens->DynamMatr[9] = 0.0;
ConDens->DynamMatr[10] = 1.0; ConDens->DynamMatr[11] = 0.0;

ConDens->DynamMatr[12] = 0.0; ConDens->DynamMatr[13] = 0.0;
ConDens->DynamMatr[14] = 0.0; ConDens->DynamMatr[15] = 1.0;

trackvalid = true;
cover = true;

void PARTICLEFILTER::target(Mat image,Rect select){




target_img = image(select);

imshow("mask”, Mask(select));

calcHist(&target_img, 1, channels, Mask(select), targethist, 2, hist_size, ranges);
normalize(targethist, targethist);

void PARTICLEFILTER::track(Mat target_hist, Mat image, Mat imagel, Rect select,
int dx, int dy,int KFSX,int KFSY){

Rect rect;

int X, Y, Hx, Hy;

intn=0;

if (trackvalid)

{

for (inti =0; i < SamplesNum; i++){

ConDens->flISamples[i][0] = ConDens->flSamples[i][0] + dx;
ConDens->flISamples][i][1] = ConDens->flSamples[i][1] + dv;

X = ConDens->flSamples[i][0];
Y = ConDens->flSamples[i][1];

if (ConDens->flSamples[i][2] > 1.1*select.width)
ConDens->flISamples][i][2] = 1.1*select.width;

else if (ConDens->flSamples[i][2]< 0.9*select.width)
ConDens->flISamples][i][2] = 0.9*select.width;

if (ConDens->flSamples[i][3] > 1.1*select.height)
ConDens->flISamples][i][3] = 1.1*select.height;

else if (ConDens->flSamples[i][3] < 0.9*select.height)
ConDens->flISamples][i][3] = 0.9*select.height;

Hx = ConDens->flSamples][i][2];
Hy = ConDens->flSamples][i][3];

rect = Rect(X - Hx /2, Y - Hy / 2, Hx, Hy);
rect &= Rect(0, 0, image.cols, image.rows);
rect_img = Mat(image, rect);




calcHist(&rect_img, 1, channels, Mask(rect), recthist, 2, hist_size,
ranges);

normalize(recthist, recthist);

ConDens->flConfidence[i] = exp(-Beta * compareHist(target hist,
recthist, CV_COMP_BHATTACHARYYA));

/lcout << (i+1) << "," << ConDens->flConfidence[i] << endl;
circle(imagel, Point(X, Y), 2, Scalar(255, 0, 255), 4);
if (ConDens->flConfidence[i] < exp(-Beta * 0.53))

{
n++;
}
}
}
else
{

for (inti=-1;1<2;i++){
for (intj=-1;j<2; j++)

{

intI;

if(i==-1&&j==-1)
1=0;

elseif (i==-1&&j==0)
1=1;

elseif (i==-1&&j==1)
1 =2;

elseif (i==0&&j==1)
1=3;

elseif (i==1&&j==1)
I =4;

elseif (i==1&&j==0)
I =5;

elseif (i==1&&j==-1)
I =6;

elseif (i==0 && j ==-1)
=7

else

| =8;




ConDens->flISamples[1][0] = KFSX + i*0.8*HXY .x+dx;
ConDens->flISamples[1][1] = KFSY + j*0.8*HXY.y+dy;

X = ConDens->flSamples[I][0];
Y = ConDens->flSamples[I][1];

if (ConDens->flSamples[l][2] > 1.1*select.width)
ConDens->flISamples[1][2] = 1.1*select.width;

else if (ConDens->flSamples[i][2]< 0.9*select.width)
ConDens->flISamples[1][2] = 0.9*select.width;

if (ConDens->flSamples[I][3] > 1.1*select.height)
ConDens->flISamples[1][3] = 1.1*select.height;

else if (ConDens->flSamples[I][3] < 0.9*select.height)
ConDens->flISamples[1][3] = 0.9*select.height;

Hx = ConDens->flSamples[I][2];
Hy = ConDens->flSamples[I][3];

rect = Rect(X - Hx /2, Y - Hy / 2, Hx, Hy);

rect &= Rect(0, 0, image.cols, image.rows);

rect_img = Mat(image, rect);

calcHist(&rect_img, 1, channels, Mask(rect), recthist, 2, hist_size,
ranges);

normalize(recthist, recthist);

ConDens->flConfidence[l] = exp(-Beta *
compareHist(target_hist, recthist, CV_COMP_BHATTACHARYYA));

/lcout << (i+1) << "," << ConDens->flConfidence[i] << endl;
circle(imagel, Point(X, Y), 2, Scalar(255, 0, 255), 4);

if (ConDens->flConfidence[l] < exp(-Beta * 0.53))

{

n++:




if (n == SamplesNum)
trackvalid = false;
else
trackvalid = true;

cvConDensUpdateByTime(ConDens);

if (ConDens->State[2] > 1.1*select.width) ConDens->State[2] =
1.1*select.width;

else if (ConDens->State[2]< 0.9*select.width) ConDens->State[2] =
0.9*select.width;

if (ConDens->State[3] > 1.1*select.height) ConDens->State[3] =
1.1*select.height;

else if (ConDens->State[3]< 0.9*select.height) ConDens->State[3] =
0.9*select.height;

center.x = ConDens->State[0] ;
center.y = ConDens->State[1] ;
HXY .x = ConDens->State[2];
HXY.y = ConDens->State[3];

result = Rect(ConDens->State[0] - ConDens->State[2] / 2, ConDens->State[1] -
ConDens->State[3] / 2, ConDens->State[2], ConDens->State[3]);

result &= Rect(0, 0, image.cols, image.rows);

circle(imagel, Point(ConDens->State[0], ConDens->State[1]), 2, Scalar(0, 255,
0), 3);
}

void KalManTT::initial(int xx, int yy){

dx =0;
dy = 0;

KF.init(KFDP, KFMP, KFCP);

Mat processNoise(KFDP, 1, CV_32F);
measurement = Mat_<float>(KFMP, 1);




KF.statePost.at<float>(0) = xx;
KF.statePost.at<float>(1) = yy;
KF.statePost.at<float>(2) = 0;
KF.statePost.at<float>(3) = 0;

KF.transitionMatrix = *(Mat_<float>(4, 4) << 1,0,1,0,0,1,0,1,0,0,1,0,0,

0,0, 1);
setldentity(KF.measurementMatrix, Scalar::all(1));
setldentity(KF.processNoiseCov, Scalar::all(1e-5));
setldentity(KF.measurementNoiseCov, Scalar::all(1));
setldentity(KF.errorCovPost, Scalar::all(1));

void KalManTT::prediction(bool a,int XX, int Y){

Mat prediction = KF.predict();

measurement.setTo(Scalar(0));

Point predictPt(prediction.at<float>(0), prediction.at<float>(1));

if (a)

{

measurement(0) = X;
measurement(1) = ;

}
else
{
measurement(0) = KF.statePre.at<float>(0) +KF.statePre.at<float>(2);
measurement(1) = KF.statePre.at<float>(1) +KF.statePre.at<float>(3);
}

void KalManTT::update(){
Mat estimated = KF.correct(measurement);
statePt.x = estimated.at<float>(0);
statePt.y = estimated.at<float>(1);




dx = KF.statePost.at<float>(2);
dy = KF.statePost.at<float>(3);

2-1 ~ = % OpenCV 425 7 (.h) :

const int PFDP = 4;
const int PFMP = 4;
const int SamplesNum = 9;

using namespace std;
using namespace cv;

const int W = 480;
const int H = 320;

const int KFDP = 4;
const int KFMP = 2;
const int KFCP = 0;

const int Beta = 20;

static int hist_size[] = {24 , 24 };
static int channels[] ={ 0,1 };
static float hrange[] = { 0, 180 };
static float srange[] = { 80, 255 };
namespace Object_Tracking {

class PARTICLEFILTER{
public:

CvConDensation* ConDens = cvCreateConDensation(PFDP, PFMP,

SamplesNum);
Mat target_img, rect_img;
Mat targethist, recthist;
Point center;




[Ivector<Point> Hcenter;

void target(Mat image, Rect select);

Rect targetRect, result;

void track(Mat target_hist, Mat image, Mat imagel, Rect select, int dx, int

dy, int KFSX ,int KFSY);

j 3

void initial(Rect bound);
Point HXY;

bool trackvalid;
bool cover;

class KalManTT{
public:

KalmanFilter KF;

Mat processNoise;

Mat <float> measurement;

Point statePt;

IIvector<Point> HstatePt;

void initial(int xx, int yy);

void prediction(bool a, int X, int Y);
void update();

float dx, dy ;

2-2 ~ % J OpenCV 42" #% (.h)

using namespace std;

using namespace cv;

Mat Mask(Rect msk);




