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Mathematics and Simulation of the Complex System
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Abstract

In this project, we study the cognitive process in human beings. The cognitive process in
human beings is process of the workings of human brain that they perceive information from
outside and judgment and memory. We make a simulation of cognitive process based on
neural networks and we do numerical experiment to study the cognitive process. Neural
network is model of nerve cells of the brain. Nerve cells are called neuron. Network is formed
from combination of some neurons. Furthermore, form of network is decided by what
combination. For example, facial expression.

In first semester, we read the book about neural network to learn the structure of basic neural
network. In second semester, we created a simulator of lip leading using neural network. Lip
leading is technique to recognize human speech only by movement of lips. We made the list
of 21 word consisting 5 sounds that students of future university Hakodate seem to speak by
daily life, and we did the distinction by vowel. Also, we created two neural network. Pattern
A output vowels one by one. Then predict the content of utterance from the sequence of
vowels. Pattern B output speech contents directly. We got data by kinect to learn neural
network from 10 people. As an experiment, we input each neural network 100 times from
other 10 people, and compared. We checked a correct answer rate by number of times that
uttered word and outputted word match. In the result, pattern A is 21%, pattern B is 45%.
Therefore, we understood that pattern B is superior to pattern A when doing lip reading using
neural network.

Keyword cognitive process, neural network, lip reading, kinect
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275 3CHK

[1] WAEFH . ==2—F Ky P =7 HRLHE—a 17 v a =X LA, HDHW

1T B RREF IS AT C— PESE X 1998,

[2] HFR—AREEEET L E axy v a = XA FEORFEHRE 1989.

[38] HHE —a—oalBa—XOHRHE aa i 1990
[4]  STRECH [ HEIE FEEEIF O OB TR OF8a% 325k. 7B

R A K42 1995.

[5] /IR =2 —F Ry P =712 ié]\@ﬁﬂii\%f Aok m I 1 A

PR SCAE 1993,

[6] HASHE.KINECT for Windows SDK "1 277 X > 7 Kinect for Windows v2 & > 4 —%}

IR T FS AT A 2015.

4
1 BB A

=

R EFICEA LT EDY —Aa—F
1.hopfield network
void setup() {
size(1000, 700);
background(128, 255, 128);
}
int pat[][]= {
{0,1,1,0,1,0,0,1,1,0,0,0,0,1, 1, 1},
{0,1,1,1,1,0,0,0,1,1,1,0,1,0,0, 0},
{1,0,00,1,0,0,1,1,1,1,1,0,0,0, 1}
HWIRES R F—

int now[]={

1,1,1,1,

1,1,1,1,

1,1,1,1,

1,1,1,1
By N U — 7 OARTE
int col[]={

1,1,1,1,

1,1,1,1,

1,1,1,1,

1,1,1,1
HITENIRAE 2 IR 8D 5 7 8D DELS
int flag=0;
int wij[][]=new int[16][16];
int weight(int i, int j) {
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int y=0;
for (int a=0;a<3;a++) {
y=y+((2*pat[a][i])-1)*(2*pat[a][j]-1);
}
if (i==j) return 0;
else return y;
Y=y NMHOEHST 2T 5B
int sikaku() {

for (int i=0;i<16;i++) {
fill((1-col[i])*255);
rect(i%4*50+800, i/4*50, 40, 40);

}

fill(255, 255, 0);

rect(850, 550, 150, 150);

if (flag==0) {
fill(0, 0, 255);
textSize(40);
text("START", 865, 630);

}

return O;

YIx >y b U —27 OYBRIRIEZ RO D T O DR o E %D Bt

int table() {
for (int c=0;c<16;c++) {
for (int d=0;d<16;d++) {
wij[c][d]=weight(c, d);
}
}

return O;

YIF Y N U —7 OEOERST DRz R S B

float ene() {
table();
float e=0.0;
for (int g=0;0<16;q++) {
for (int w=0;w<16;w++) {
e=e-((wij[a][w]*now[qg]*now[w])/2.0);
}
}
return e;
YIxy U —27 DT 3 —%FHET 5%
int chk(int k) {
table();
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int b=0;

for (int a=0;a<16;a++) {
if (al=k) {
b=b+wij[K][a]*now][a];
}

}

if (b>0)return 1;

else if (b<O)return O;

else return -1;

}/Hopfield network Mk HEZ L AL A

int chk2() {
table();
int flag=0;
for (int a=0;a<16;a++) {
if (chk(a)==now[a])flag++;
}
if (flag==16)return 1,
else return O;

YIEDA=y hH R —% O T LD ITEETE RV HER T 2 B

int change(int a) {
if (chk(a)!=-1)now[a]=chk(a);
return O;
HIFEERIIR B 2 2210 S % B
int go(int a, int kai) {
change(a);
pic(a, kai);
return 0;
HIRREZE A %2 SEERICHE 59 2 B2
int pics() {
for (int i=0;i<16;i++) {
if (now[i]==1)fill(0);
else fill(255);
rect((i%4)*16, (i/4)*16, 14, 14);
}
float w=ene();
intlc;
if (w<10.0)&&(w>-10.0)) {
lc=1;
}
else {
lc=2;
HILTFHNE L TR X —2RELTH729
fill(0);
String wa=nf(w, Ic, 2);
textSize(20);
text(wa, 0, 80);
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return O;

YR RE 23659 % B%K

int pic(int g, int kai) {
for (int i=0;i<16;i++) {
if (now[i]==1)fill(0);
else fill(255);

rect((i%4)*16+((kai+1)%9)*80, (i/4)*16+((kai+1)/9)*80, 14, 14);

¥

float w=ene();

fill(0);

intlc;

if (w<10.0)&&(w>-10.0)) {
Ic=1;

}

else {
Ic=2;

}

fill(0);

String wa=nf(w, Ic, 2);

textSize(20);

text(wa, ((kai+1)%9)*80, 80+((kai+1)/9)*80);

fill(0, 128, 255);

rect((qY%4)*16+((kai)%9)*80+3, (q/4)*16+((kai)/9)*80+3, 8, 8);

return O;
HIZE b OARBEZ #5595 B
int picp(int kai) {
for (int i=0;i<16;i++) {
if (pat[kai][i]==21)fill(0);

else fill(255);
rect((i%4)*16+(kai%9)*80, (i/4)*16+(kai/9)*80+600, 14, 14);
fill(0);

}

fill(0);

textSize(40);

text(kai+1, kai*80, 600);

ene();

return O;
MBS B R B2 /5T 5 Bk

Chr

int OK() {
int sum=0;
int ans=-1;
for (int a=0;a<3;a++) {
sum=0;
for (int b=0;b<16;b++) {
if (now[b]!=pat[a][b])break;
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else sum=sum-+1;
}
if (sum==16)ans=a;
else sum=0;

}

return ans;

WL LGB =D ENNERE LTS E EO/Z — 2 L7l 2% B
void draw() {

sikaku();

for (int a=0;a<3;a++) {
picp(a);

}

if (flag==1) {
for (int x=0;x<16;x++) {
now[x]=col[x];
}
fill(128, 255, 128);
rect(0, 0, 800, 600);
pics();
int ka;
for ( ka=0;ka<62;ka++) {
int g=int(random(0, 16));
go(q, ka);

if (chk2()==1) break;
if (ka==61) {

fill(0);

textSize(40);
text("......", 710, 515);

¥

}
textSize(50);

if (OK()!=-1) {

fill(0);

text(OK()+1, 250, 600);

}

else if (ka==62) {

fill(255, 128, 0);
text("TIMEOUT!", 250, 600);
}

else {

fill(255, 0, 0);
text("MISS!", 250, 600);

}

textSize(60);

fill(0);

text("Hopfield", 600, 700);
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flag=0;
[Istop=1,;
}

}
void mouseClicked() {

int x=5;
int y=5;
if (mouseX>800) {
if (mouseX%50<=40&&mouseY%50<=40&&mouseX<=1190&&mouseY<=190) {
x=mouseX/50-16;
y=mouseY/50;
}
else if (mouseX>850&&mouseY>550) {
if (flag==0) {
flag=1;
}
else {
flag=2;
}
}

else {

X=5;

y=5;

}

if (x<4&&y<4&&flag==0)
col[x+4*y]=(1+col[x+4*y])%2;
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2.Boltzman Machine
void setup() {
size(1000, 700);
background(255, 240, 255);
}
int pat[][]= {
{0,1,1,0,1,0,0,1,1,0,0,0,0,1, 1, 1},
{0,1,1,1,1,0,0,0,1,1,1,0,1,0,0, 0},
{1,0,00,10,0,1,1,1,1,1,0,0,0, 1}
WIEEE S H o x—
int now[]={
1,1,1,1,
1,1,1,1,
1,1,1,1,
1,1,1,1
V%Y N U — 7 DIRKE
int col[]={
1,1,1,1,
1,1,1,1,
1,1,1,1,
1,1,1,1
B REZ R 6D 25 7 6D DELA|
int flag=0;
int wij[][]=new int[16][16];
int weight(int i, int j) {
int y=0;
for (int a=0;a<3;a++) {
y=y+((2*pat[a][i])-1)*(2*pat[a][j]-1);
}
if (i==j) return 0;
else return y;
}
int table() {
for (int c=0;c<16;c++) {
for (int d=0;d<16;d++) {
wij[c][d]=weight(c, d);
}
}
return O;
}
float ene() {
table();
float e=0.0;
for (int g=0;0<16;g9++) {
for (int w=0;w<16;w++) {
e=e-((wij[a][w]*now[qg]*now[w])/2.0);
}
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}

return e;
}
float inter(int k) {
table();
float b=0.0;
for (int a=0;a<16;a++) {
if (al=k) {
b=b+wij[K][a]*now][a];
}
}

return b;
Yiz=> ~® AT OKFn

int pic(int g, int kai) {
for (int i=0;i<16;i++) {
fill(col(i));
rect((i1%4)*16+((kai+1)%9)*80, (i/4)*16+((kai+1)/9)*80, 14,14);
}
float w=ene();
fill(0);
intlc;
if (w<10.0)&&(w>-10.0)) {
Ic=1;
}
else {
lc=2;
}
fill(0);
String wa=nf(w, Ic, 2);
textSize(20);
text(wa, ((kai+1)%9)*80, 80+((kai+1)/9)*80);
fill(0,255,255);
rect((q%4)*16+((kai+1)%9)*80, (g/4)*16+((kai+1)/9)*80, 8, 8);
return O;
}
int picp(int kai) {
for (int i=0;i<16;i++) {
if (pat[kai][i]==21)fill(0);
else fill(255);
rect((i1%4)*16+(kai%12)*80, (i/4)*16+(kai/12)*80+600,14, 14);
fill(0);
/[float a=inter(i);
/ltextSize(20);
/ltext(a,350,i*20+300);
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fill(0);
ene();
return O;
}
float boltz(float ii,float T){
return 1/(1+exp(-1*ii/T));

}iboltzman machine DIRFEEZEALIZ I T BIREER 1 ICB L S W D ek

float Tdown(int kai){
if(kai<10) return 20.0;
else if(kai<20) return 15.0;
else if(kai<40) return 10.0;
else if(kai<60) return 7.5;
else if(kai<85) return 5.0;
else return 3.0;

}iBoltzman machine (2B W CTO R v T —7 OIRFEE T 530 % FEET 5720 OB

int henka(int a,float T){

float d=inter(a);

float c=boltz(d,T);

int mother[]=new int[100000];

for(int i=0;i<100000;i++){
if(i<100000*c){
mother[i]=1;

}else mother[i]=0;

}

int b=int(random(0,100000));

return mother[b];

HIEBREB A LA S DT DI REERT L D EZ 51 < 72O DEA%L

int sikaku(){

for(int i=0;i<16;i++){fill((1-col[i])*255);
rect(i%4*50+800,i/4*50,40,40);

Hill(255,255,0);

rect(850,550,150,150);

if(flag==0){
fill(0,0,255);textSize(40);
text("START",865,630);

}

return O;

¥

int col(int i){
if(now[i]==1)return 0;
else return 255;

}

int change(int a,float T) {

now[a]=henka(a,T);
return 0;

}
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int go(int a, int kai,float T) {
change(a,T);
pic(a, kai);
return O;
}
int pics() {
for (int i=0;i<16;i++) {
if (now[i]==1)fill(0);
else fill(255);
rect((i1%4)*16, (i/4)*16,14,14);
}
float w=ene();
intlc;
if (w<10.0)&&(w>-10.0)) {
Ic=1;
}
else {
Ic=2;
}
fill(0);
String wa=nf(w, Ic, 2);
textSize(20);
text(wa, 0, 80);
return O;
}
void draw() {
for (int a=0;a<3;a++) {
picp(a);
}
sikaku();
if(flag==1){
for(int g=0;0<16;q++){
now[q]=col[a];
}
fill(255,245,255);
rect(0,0,800,600);
pics();
for (int ka=0;ka<62;ka++) {
int g=int(random(0, 16));
float T=Tdown(ka);
go(a, ka,T);
fill(0);
textSize(40);
text(*......",710,510);
}
textSize(60);
fill(0);
text("Boltzman",500,700);
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flag=0;
}

}
void mouseClicked(){

int x=5;
int y=5;
if(mouseX>800){
if(mouseX%50<=40&&mouseY %50<=40&&mouseX<=1290&&mouseY <=190){
x=mouseX/50-16;
y=mouseY/50;
}else if(mouseX>850&&mouseY>550){
if(flag==0){
flag=1;
Yelse{
flag=2;
}
Yelse{
X=5;
y=5;
}
if(x<4&&y<4&&flag==0)
col[x+4*y]=(1+col[x+4*y])%2;
}
}

ok Y —Aa— R

kinectV2

#include <iostream>

#include <fstream>

#include <sstream>

#include <vector>

#include <array>

#define _USE_MATH_DEFINES
#include <cmath>

#include <atlbase.h>

#include <Math.h>

#include <fstream>

#include <Windows.h>
#include <Kinect.h>

#include <Kinect.Face.h>
#include <opencv2/opencv.hpp>

#define ERROR_CHECK( ret) \
if(FAILED(ret) ){ \
std::stringstream ss; \

ss << "failed " #ret " " << std::hex << ret << std::endl; \

throw std::runtime_error( ss.str().c_str() ); \
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class KinectApp

{

private:
CComPtr<IKinectSensor> kinect;
CComPtr<IColorFrameReader> colorFrameReader;
CComPtr<IBodyFrameReader> bodyFrameReader;
CComPtr<ICoordinateMapper> coordinateMapper;
std::vector<BYTE> colorBuffer;
int colorWidth;
int colorHeight;
unsigned int colorBytesPerPixel,
ColorlmageFormat colorFormat = ColorlmageFormat::ColorimageFormat_Bgra;
cv::Mat colorimage;
CComPtr<IHighDefinitionFaceFrameReader> hdFaceFrameReader;
CComPtr<IFaceModelBuilder> faceModelBuilder;
CComPtr<IFaceAlignment> faceAlignment;
CComPtr<IFaceModel> faceModel;
std::array<float, FaceShapeDeformations::FaceShapeDeformations_Count> shapeUnits;
UINT32 vertexCount;
UINT®64 trackingld;
int trackingCount;
bool produced,;
std::array<cv::Scalar, BODY_COUNT> colors;
int font = cv::FONT_HERSHEY_SIMPLEX;

std::string imgname = "CC"; /& 17 file D4 Hi
std::array<float, 1347> px; //x JEEFE &4 FH B 4]
std::array<float, 1347> py; /Iy ¥&# FEC 5]
std::array<int, 1347> pp; // 35 72 KU D F 5
std::array <cv::Mat, 40> cimage; //[Hi{4 (Mat) k% #4 F
std::array<float, 40> Base; // H 5A[#]
float ML[40][3]; //MouthLeftcorner
float MR[40][3]; //MouthRightcorner
float MUM[40][3]; //MouthUpperlipMidbottom
float MLM[40][3]; //MouthLowerlipMidtop
float Nose[40][3]; //NoseTip
float Chin[40][3]; //ChinCenter
float LCheek[40][3]; //LeftcheekCenter
float RCheek[40][3]; //RightcheekCenter
float LBCheek[40][3]; //LowerjawLeftend
float RBCheek[40][3]; //LowerjawRightend
float LUM[40][3]; /1 D e 1=
float RUM[40][3]; // 0 D F
float LBM[40][3]; /D D/ETF
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float RBM[40][3]; // 0D DA T
intr=0;
float frame = 500;

std::array<float, 40> w; // 1 (D AEIHE
std::array<float, 40> h; // 1 Dt
std::array<float, 40> d; //&:-& =

public:

void initialize()

{
/1 Sensor % Hu4%
ERROR_CHECK(GetDefaultKinectSensor(&kinect));
ERROR_CHECK(kinect->Open());
BOOLEAN isOpen;
ERROR_CHECK(kinect->get_IsOpen(&isOpen));
if (!isOpen){

throw std::runtime_error("failed IKinectSensor::get_IsOpen( &isOpen)");

¥

ERROR_CHECK(kinect->get CoordinateMapper(&coordinateMapper));

/I Color Frame Source % Ht#5, Color Frame Reader % [ <
CComPtr<IColorFrameSource> colorFrameSource;
ERROR_CHECK(kinect->get_ColorFrameSource(&colorFrameSource));
ERROR_CHECK(colorFrameSource->OpenReader(&colorFrameReader));

CComPtr<IFrameDescription> colorFrameDescription;

ERROR_CHECK(colorFrameSource->CreateFrameDescription(colorFormat,
&colorFrameDescription));

ERROR_CHECK(colorFrameDescription->get Width(&colorWidth));

ERROR_CHECK(colorFrameDescription->get Height(&colorHeight));

ERROR_CHECK(colorFrameDescription-
>get_BytesPerPixel(&colorBytesPerPixel));

colorBuffer.resize(colorWidth * colorHeight * colorBytesPerPixel);

/1 Body Frame Source % 45, Body Frame Reader % 5 <
CComPtr<IBodyFrameSource> bodyFrameSource;
ERROR_CHECK(kinect->get_BodyFrameSource(&bodyFrameSource));
ERROR_CHECK( (bodyFrameSource->OpenReader(&bodyFrameReader));

// HDFace % #)#4L.
initializeHDFace();

/I Lookup Table
colors[0] = cv::Scalar(255, 0, 0);
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colors[1] = cv
colors[2] = cv
colors[3] = cv
colors[4] = cv
colors[5] = cv

::Scalar(0, 255, 0);
::Scalar(0, 0, 255);
::Scalar(255, 255, 0);
::Scalar(55, 0, 255);
::Scalar(0, 255, 255);

for (inti=0; i < 1347; i++){
pp[i] =-1;

¥

pp[1124] = pp[1125] = pp[1153] = pp[1152] = 1;// A1

pp[210] = pp[843] = 1;//HEA
pp[91] = pp[687]= pp[1072] = pp[10] = pp[18] = pp[4] =1; /I L BL 72 K s D F =

pp[412] = pp[933] = pp[1307] = pp[1327] = 1;//1%IZ

}
void run()
{
while (1){
update();
draw();

int key = cv::waitKey(10);
if (key == VK_ESCAPE){

}

if (key == VK_SPACE){ /| A ~3— A % #ifi4~ & [tk

Group Report of 2016 SISP

cv::destroyAllWindows();

break;

A= AT 7N

cimage[r] = colorImage.clone();

float base = std::sgrt(std::pow(px[210] - px[843], 2) +
std::pow(py[210] - py[843], 2));// H HE[H

ML[r][0] = px[91];
ML[r][1] = py[91];
MRIr][0] = px[687];
MRIr][1] = py[687];

MUMIr][0] = px[1072];
MUMIr][1] = py[1072];

MLMI[r][0] = px[10];
MLMIr][1] = py[10];
Nose[r][0] = px[18];
Nose[r][1] = py[18];
Chin[r][0] = px[4];
Chin[r][1] = py[4];

LCheek[r][0] = px[412];
LCheek[r][1] = py[412];
RCheek]r][0] = px[933];

43
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RCheek[r][1] = py[933];
LBCheek][r][0] = px[1307];
LBCheek][r][1] = py[1307];
RBCheek[r][0] = px[1327];
RBCheek[r][1] = py[1327];
LUM[r][0] = px[1124];
LUMIr][1] = py[1124];
RUMIr[0] = px[1153];
RUMIr[1] = py[1153];
LBM[r][0] = px[1125];
LBMIr][1] = py[1125];
RBMIr][0] = px[1152];
RBMIr][1] = py[1152];

w[r] = std::sgrt(std::pow(ML[r][0] - MR]r][0], 2) +
std::pow(ML[r][1] - MR[r][1], 2));// & D liE

printf(" & OARIE: %A\n", w[r]);

h[r] = std::sqrt(std::pow(MUM[r][0] - MLM[r][0], 2) +
std::pow(MUMI[r][1] - MLMIr][1], 2));// 7 O fiebes

printf(" B DfiEbE: %f\n", h[r]);

d[r] = std::sgrt(std::pow(Chin[r][0] - Nose[r][0], 2) +
std::pow(Chin[r][1] - Nose[r][1], 2));//&-& =

printf(" &-& Z: %f\n\n", d[r]);

Base[r] = base;

r++;
}
if (key == VK_RETURN){ //= > % —¥§i4~ L B4k
for (intj=0;j<5; j++){
I*if ('cimage[j].empty()){
std::string image = imgname + std::to_string(j) +
".png";
cv::imwrite(image, cimage[j]); //1Hif% DO 1%1F
¥
fileout(j); /7 & A MZIRAF
}
}
if (key == VK_TAB) finishA();
if (key == VK_BACK) finishB();
}
}
private:

void initializeHDFace()

{
// HDFace Frame Source % /5
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CComPtr<IHighDefinitionFaceFrameSource> hdFaceFrameSource;

ERROR_CHECK(CreateHighDefinitionFaceFrameSource(kinect,
&hdFaceFrameSource));

// HDFace Frame Reader % <
ERROR_CHECK(hdFaceFrameSource->OpenReader(&hdFaceFrameReader));

/I Face Alignment % {Ef%
ERROR_CHECK(CreateFaceAlignment(&faceAlignment));

I/ Face Model % 15K

ERROR_CHECK(CreateFaceModel(1.0f,
FaceShapeDeformations::FaceShapeDeformations_Count, &shapeUnits[0], &faceModel));

ERROR_CHECK(GetFaceModelVertexCount(&vertexCount));

/I Face Model Builder % {Er%. BAts
FaceModelBuilderAttributes attribures =
FaceModelBuilderAttributes::FaceModelBuilderAttributes_None;

ERROR_CHECK(hdFaceFrameSource->OpenModelBuilder(attribures,
&faceModelBuilder));

ERROR_CHECK( (faceModelBuilder->BeginFaceDataCollection());

}

void update()

{
updateColorFrame();
updateBodyFrame();
updateHDFaceFrame();

}

void updateColorFrame()

{

CComPtr<IColorFrame> colorFrame;

HRESULT ret = colorFrameReader->AcquireLatestFrame(&colorFrame);
if (FAILED(ret)){

return;

}
ERROR_CHECK(colorFrame-

>CopyConvertedFrameDataToArray(static_cast<UINT>(colorBuffer.size()), &colorBuffer[0],
colorFormat));

colorlmage = cv::Mat(colorHeight, colorWidth, CV_8UC4, &colorBuffer[0]);
}

void updateBodyFrame()
{
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CComPtr<IBodyFrame> bodyFrame;
HRESULT ret = bodyFrameReader->AcquireLatestFrame(&bodyFrame);
if (FAILED(ret)){

return;

¥

std::array<CComPtr<IBody>, BODY_COUNT> bodies;
ERROR_CHECK(bodyFrame->GetAndRefreshBodyData(BODY_COUNT,
&bodies[0]));

/1 Sensor (21 T\ Body % 2R
findClosestBody(bodies);
}

inline void findClosestBody(const std::array<CComPtr<IBody>, BODY_COUNT>& bodies)
{
float closest = FLT_MAX;
for (int count = 0; count < BODY_COUNT; count++){
CComPtr<IBody> body = bodies[count];
BOOLEAN tracked;
ERROR_CHECK(body->get_IsTracked(&tracked));
if (tracked){
continue;

}

/1 Joint(Head) % Bt 5
std::array<Joint, JointType::JointType_Count> joints;
ERROR_CHECK((body->GetJoints(JointType::JointType_Count,
&joints[0]));
Joint joint = joints[JointType::JointType_Head];
if (joint. TrackingState == TrackingState::TrackingState NotTracked){
continue;

¥

1 Sensor 7> B D HiEfEZ FH(N(x2 +y2+272))
CameraSpacePoint point = joint.Position;
float distance = std::sqrt(std::pow(point.X, 2) + std::pow(point.Y, 2) +
std::pow(point.Z, 2));
if (closest <= distance){
continue;

¥

closest = distance;

/l Tracking ID % Huf5

UINT64 id;
ERROR_CHECK(body->get_Trackingld(&id));
if (trackingld !=id){
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trackingld = id;
trackingCount = count;
produced = false;

/l Tracking ID % &4
CComPtr<IHighDefinitionFaceFrameSource> hdFaceFrameSource;
ERROR_CHECK(hdFaceFrameReader-

>get_HighDefinitionFaceFrameSource(&hdFaceFrameSource));
ERROR_CHECK(hdFaceFrameSource-

>put_Trackingld(trackingld));

}
}
}

void updateHDFaceFrame()
{
Il 38 HDFace Frame % Hif5
CComPtr<IHighDefinitionFaceFrame> hdFaceFrame;
HRESULT ret = hdFaceFrameReader->AcquireLatestFrame(&hdFaceFrame);
if (FAILED(ret)){
return;

¥

/] Tracking 1D % gk i
BOOLEAN tracked:;
ERROR_CHECK(hdFaceFrame->get_IsFaceTracked(&tracked));
if (tracked){

return;

¥

I/ HDFace Frame Result % /5
ERROR_CHECK(hdFaceFrame-
>GetAndRefreshFaceAlignmentResult(faceAlignment));
if (faceAlignment = nullptr){
I35 e B e
result();

¥

inline void result()

{
Il Vertexs(1347 ) D HUS, i

std::vector<CameraSpacePoint> vertexs(vertexCount);
ERROR_CHECK(faceModel->CalculateVerticesForAlignment(faceAlignment,
vertexCount, &vertexs[0]));
for (inti=0;i<1347; i++){
std::array<ColorSpacePoint, 1347> point;
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ERROR_CHECK(coordinateMapper-
>MapCameraPointToColorSpace(vertexs[i], &point[i]));
if(ppli] == 1){
int X = static_cast<int>(std::ceil(point[i].X));
inty = static_cast<int>(std::ceil(point[i].Y));
if (x>=0) && (x < colorWidth) && (y >=0) && (y <
colorHeight)){
std::string index = std::to_string(i);
cv::circle(colorlmage, cv::Point(x, y), 3,
colors[trackingCount], -1, CV_AA); /80U O HfiE
px[i] = point[i].X; //x JEEAE % k&
py[i] = point[i].Y; /ly JEERE % k&5

¥

int fileout(int i){ /7 2 A M IZIRAF
std::string dname ="c:\\nome\\" + imgname + ".txt"; /== —F )L R N T —T D
Sar
std::ofstream txt(dname, std::ios::out | std::ios::app);

txt << MLJi][0] << "," << ML[i][1] << "," << MR][i][0] << "," << MR[i][1] << "," <<

MUMI[i][0] << ","

<< MUMI[i][1] <<"," << MLMi][0] << """ << MLM[i][1] << "," <<
Nose[i][0] << "," << Nose[i][1] <<","

<< Chin[i][0] << "," << Chin[i][1] << ","<< LCheek[i][0] << "," <<
LCheek[i][1] <<"," << RCheek[i][0] << ","

<< RCheek[i][1] << "," << LBCheek[i][0] << "," << LBCheek[i][1] << ","
<< RBCheek[i][0] <<"," << RBCheek][i][1]<<","

<< LUMLi][0] <<"," << LUMIi][1] << ", << RUM[i][0] << ","<<
RUMII][1] << "," << LBMII][0] << "," << LBMI[i][1] << "

<< RBM[i][0] << "," << RBMI[i][1] << ","

<< wW[i] << ", << h[i] << " << d[i] << "," << Base[i] << std::endl;

return O;

¥

void drawmetro(){ // A b & /) — A DFKIR

cv::rectangle(colorimage, cv::Point(100, 100), cv::Point(150, 500),
cv::Scalar(240, 100, 100), 2, CV_AA);

cv::rectangle(colorimage, cv::Point(100, frame), cv::Point(150, 500),
cv::Scalar(240, 100, 100), -1, CV_AA);

cv::line(colorlmage, cv::Point(100, 180), cv::Point(150, 180), cv::Scalar(0, O,
0), 2, CV_AA);

cv::line(colorlmage, cv::Point(100, 260), cv::Point(150, 260), cv::Scalar(0, 0,
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0), 2, CV_AA);
cv::line(colorlmage, cv::Point(100, 340), cv::Point(150, 340), cv::Scalar(0, O,
0), 2, CV_AA);
cv::line(colorlmage, cv::Point(100, 420), cv::Point(150, 420), cv::Scalar(0, O,
0), 2, CV_AA);
frame -=4;
if (frame < 100) frame = 500;
}
void draw()
{
drawmetro();

cv::circle(colorimage, cv::Point(colorWidth/3, colorHeight/3 - 100), 5,
cv::Scalar(0,255,255), -1, CV_AA); // & FEUE 5

drawHDFaceFrame();
}
void drawHDFaceFrame()
{
// HDFace D 7R~
if (!colorimage.empty()){
cv::imshow("HDFace", colorimage);
}
}
j
void main()
{
try{
KinectApp app;
app.initialize();
app.run();
}
catch (std::exception& ex){
std::cout << ex.what() << std::endl;
}
}
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