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The construction of simulator for car following behavior

using quantum optical flow theory

student : Fong-Hao Kuo Advisor : Dr. Jiuh-Biing Sheu

Institute of Traffic and Transprotation

National Chiao Tung University

ABSTRACT
Drivers are often affected by the surrounding environment when driving. But
most existing car-following models are assume that the following vehilce is
affected by the front vehicle. This study use the car following model based
quantum optical flow. Define and explain the psychophysical mass for the
drivers. And this study construct the car-following simulator. The simulation
model are calibrated and test with  the video-based car following data. The
simulate results are as follows : The models can explain the drivers’ distraction
which would affect the speed and spacing of the flowing traffic. And can explain

when the car size which would affect the speed of the flowing traffic.

Keywords: Car following behavior,
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e A% 5% 75 (turbo c)

#include<graphics.h>
#include<stdio.h>
#include<stdlib.h>
#include<time.h>
#include<math.h>

#define TOTALSECONDS 180

#define TIMESLICE 0.1

#define TOTALSTEPS (int)(TOTALSECONDS/TIMESLICE)
#define ROADLEN 1000.0

#define MAX_ACC 3.6

#define MAX_DEACC 7.2

#define MAX_SPEED 32

FILE *o;

struct node

{
float x;
float y;
int car_seq;
float length;
float width;
float tall;
float car_type;
float v;
float a;
float ab;
struct node *head;
struct node *tail;

}

float normal(float ave,float dev);
struct node *c=NULL;

struct node *I=NULL;
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struct node *r=NULL;
struct node *headc=NULL;
struct node *headl=NULL,;
struct node *headr=NULL;
int C_laneGenerator(float,float,float);
int L_laneGenerator(float,float,float);
int R_laneGenerator(float,float,float);
int C_laneTransition();
int L_laneTransition();
int R_laneTransition();
float v_acc_car(float vO,float a,float t);
float x_acc_car(float x0,float vO,float a,float t);
float watchtime();
int hittime(float);
int STEPS;
int checkvision(struct node *car);
int check_car(struct node *car);
int check_carl(struct node *car);
int check_carr(struct node *car);
float visionx(float dxx, float dyy, float'yy, float hyy);
float GauProb(float avex, float avey,
float devx,float devy, float carx, float cary);

void drawlane()

{
int x;
struct node *current;
current = headl;
while(current!=NULL){
if(current->car_type==0){
setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,27,x+3,29);
}
else if(current->car_type==1){
setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;

bar(x,27,x+8,29);
60



}

else{

setfillstyle(1, YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,27,x+11,29);

¥

current = current -> tail;

}

current = headc;
while(current!=NULL){
if(current->car_type==0){
setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,35,x+3,37);

¥

else if(current->car_type==1){
setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,35,x+8,37);

¥

else{

setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,35,x+11,37);

¥

current = current -> tail;

}

current = headr;
while(current!=NULL){
if(current->car_type==0){
setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,43,x+3,45);

}

else if(current->car_type==1){
setfillstyle(1,YELLOW);
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x=(int)current->x/ROADLEN*1000;
bar(x,43,x+8,45);

¥

else{

setfillstyle(1,YELLOW);
x=(int)current->x/ROADLEN*1000;
bar(x,43,x+11,45);

¥

current = current -> tail;

}

void drawRoad(void)

{
float x;
setlinestyle(0,0,1);
line(0,24,1000,24);
line(0,48,1000,48);
setlinestyle(3,0,1);
line(0,32,1000,32);
line(0,40,1000,40);
setfillstyle(4,63);

void show()

{

struct node *temp;

temp=headc;

fprintf(o,"C-lane:\n");

fprintf(o," Car\tx\tv\ta\tdx\tdy\thv\ttype\n™);

while(temp){

fprintf(0,"%03d:\t%.3f\t %.3f\t%.3f\t%.3f\t%.3f\t",
temp->car_seq,temp->x,temp->v,temp->a,temp->head->v);
fprintf(o,"\n");

temp=temp->tail,
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temp=headl;

fprintf(o,"L-lane:\n");
fprintf(o,"Car\tx\tv\ta\tdx\tdy\thv\n");

while(temp){

fprintf(o,"%03d:\t%.3f\t %.3f\t%.3f\t%.3f\t%.3f\t",
temp->car_seq,temp->x,temp->v,temp->a,temp->head->v);
fprintf(o,"\n");

temp=temp->tail;

¥
temp=headr;
fprintf(o,"R-lane:\n");
fprintf(o,"Car\tx\tv\ta\thvin");
while(temp){
fprintf(o,"%03d:\t%.3f\t %.3f\t%.3f\t%.3f\t",
temp->car_seq,temp->x,temp->v,temp->a,temp->head->v);
fprintf(o,"\n");
temp=temp->tail;

}

fprintf(o,"--------------- \n");

¥

int main()

{

I randomize();

float smallcar,bus;

float flow;

struct node *temp;

intk,l;

int graphdriver=DETECT ,graphmode=DETECT,;
initgraph(&graphdriver,&graphmode,"E:\TC\BGI");
if((o=fopen("file01.xIs","w"))==NULL){
fprintf(o,"Open file file01.txt for writing error\n™);
return -1;

}
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printf("Flow is:");
scanf("%f", &flow);
flow/=60;

printf("car percent is:");
scanf(*"%f",&smallcar);

printf("bus percent is:");
scanf(*'%f",&bus);

for(STEPS=0;STEPS<TOTALSTEPS;STEPS++)
{
drawRoad();
C_laneGenerator(flow,smallcar,bus);
L_laneGenerator(flow,smallcar,bus);
R_laneGenerator(flow,smallcar,bus);

drawlane();
C_laneTransition();
L_laneTransition();
R_laneTransition();
fprintf(o,"\t\t\t\t\t\t%.2f\n" watchtime());
show();
for(k=0;k<30000;k++)
for(1=0;1<1000;1++);
cleardevice();

¥

closegraph();
getchar();

return O;

}

int C_laneGenerator(float flow,float smallcar,float bus)
{

static float next_car_time=0;

static int carseq=0;

struct node *temp;
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float aa,tt;

if(c&&((c->x<5)<0)){

next_car_time+=0.1;

return 1;

¥

if(hittime(next_car_time)){
temp=(struct node *)malloc(sizeof(struct node));
temp->head=c;
temp->tail=NULL;

if(c!=NULL)c->tail=temp;
else headc=temp;
aa=random(100);

c=temp;

temp->bu=bus;
temp->sma=smallcar;
temp->x=0;

temp->y=10;
temp->v=normal(22.22,2.5);
temp->a=0;

temp->dx=0;

temp->dy=0;

temp->ab=aa;
if((temp->sma>temp->ab)){
temp->car_type=0;
temp->length=4;
temp->width=2;
temp->tall=1.3;

¥

else if(aa<(temp->sma+temp->bu)){
temp->car_type=1,
temp->length=10;
temp->width=2.5;
temp->tall=4.1;

}

else if(100>=aa){
temp->car_type=2;

temp->length=9;
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temp->width=2.5;
temp->tall=4.1,;

¥
temp->car_seq=++carseq;
if(temp->car_seq==1)
temp->v=22.22;

tt=normal(60/flow,1);
if(tt>0.1)

next_car_time+=tt;

else

next_car_time+=0.1;
fprintf(o,"C:%03d is born\n",carseq);
¥

¥

int L_laneGenerator(float flow,float smallcar,float-bus)

{

static float next_car_time=0;

static int carseq=0;

struct node *temp;

int aa;

float tt;

if(1&&(I->x<5)){

next_car_time+=0.1;

return 1;

¥

if(hittime(next_car_time)){
temp=(struct node *)malloc(sizeof(struct node));
temp->head=I;
temp->tail=NULL;
if(I'=NULL)I->tail=temp;
else headl=temp;
aa=random(100);
I=temp;
temp->x=0;

temp->y=6.25;
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temp->v=normal(22.22,2.5);
temp->a=0;

temp->dx=0;
temp->dy=0;
temp->ab=aa;
if(aa<smallcar){
temp->car_type=0;
temp->length=4;
temp->width=2;
temp->tall=1.3;

¥

else if(aa<(smallcar+bus)){
temp->car_type=1,
temp->length=10;
temp->width=2.5;
temp->tall=4.1;

¥

else if(aa<100){
temp->car_type=2;
temp->length=9;
temp->width=2.5;
temp->tall=4.1;

}
temp->car_seq=++carseq;
if(temp->car_seq==1)
temp->v=22.22;
tt=normal(60/flow,1);
if(tt>0.1)

next_car_time+=tt;

else

next_car_time+=0.1;
fprintf(o,"L:%03d is born\n",carseq);
}

}

int R_laneGenerator(float flow,float smallcar,float bus)

{
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static float next_car_time=0;

static int carseq=0;

struct node *temp;

int aa;

float tt;

if(r&&(r->x<5)){

next_car_time+=0.1;

return 1;

¥

if(hittime(next_car_time)){

temp=(struct node *)malloc(sizeof(struct node));
temp->head=r;
temp->tail=NULL;

if(r'=NULL)r->tail=temp;

else headr=temp;
aa=random(100);
r=temp;
temp->x=0;
temp->y=13.75;
temp->v=normal(22.22,2.5);
temp->a=0;
temp->dx=0;
temp->dy=0;
if(aa<smallcar){
temp->car_type=0;
temp->length=4;
temp->width=2;
temp->tall=1.3;
¥
else if(aa<(smallcar+bus)){
temp->car_type=1;
temp->length=10;
temp->width=2.5;
temp->tall=4.1;
}
else if(aa<100){
temp->car_type=2;

temp->length=9;
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temp->width=2.5;
temp->tall=4.1,;
}

temp->car_seq=++carseq;
if(temp->car_seq==1)
temp->v=22.22;
tt=normal(60/flow,1);
if(tt>0.1)

next_car_time+=tt;
else
next_car_time+=0.1;

fprintf(o,"R:%03d is born\n",carseq);

}
}

int C_laneTransition()
{
struct node *current;
current=headc;
while(current!=NULL){
checkvision(current);
check_car(current);
current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);

current=current->tail;

}

int L_laneTransition()

{
struct node *current;
current=headl;

while(current!=NULL){
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checkvision(current);

check_carl(current);
current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);
current=current->tail,

}

int R_laneTransition()
{
struct node *current;
current=headr;
while(current!=NULL){
checkvision(current);
check_carr(current);
current->x=x_acc_car(current->x,current->v,current->a, TIMESLICE);
current->v=v_acc_car(current->v,current->a, TIMESLICE);
current=current->tail;

}

int hittime(float i)
{
float j;
j=watchtime();
if((i>(j-TIMESLICE/2))&&(i<=(j+ TIMESLICE/2)))
return 1;

return O;

}

float watchtime()

{
return STEPS*TIMESLICE;

float x_acc_car(float x0,float vO,float a,float t)

{

float x=0.0,v,t1;
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v=v0+a*t;
X=vO0*t+0.5*a*t*t;
if(vO>(MAX_SPEED-0.2))
X=VO0*t;
else if(v>MAX_SPEED){
t1=(MAX_SPEED-V0)/a;
x=0.5*(2*t-t1)*(MAX_SPEED-v0)+v0*t;
¥
else if(v<0)
x=v0*v0/(2*a);

return X+x0;

float v_acc_car(float vO,float a,float t)
{

float v;

v=v0+a*t;

if(v>MAX_SPEED)

return MAX_SPEED;

else if(v<0)

return 0.0;

return v;

int checkvision(struct node *car){

if(car->head!=NULL)
car->dx=(car->head->x-car->head->length-car->x+1);
else{
return O;
¥
if((car->v<(700.0/36))){
car->dy= tan((-7/12.0*car->v*3.6+220/3)*3.14/180)*(car->dx);
}
else if (car->v>=(700.0/36)){
car->dy= tan((-5/12.0*car->v*3.6+185/3)*3.14/180)*(car->dx);

}
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int check_car(struct node *car)

{

struct node *temp=NULL,
struct node *temp1=NULL;
float leh=0,eh,reh=0,acc=0;

temp=headl;
templ=headr;
eh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,car->head->x-car->head->length+1,car->head->y);
while(temp!=NULL){
if(((temp->x-temp->length-car->head->x+1)*(temp->x-temp->length-car->head->x+1)
<visionx(car->dx,car->dy,temp->y,car->head->y))
&&((temp->tail->x-temp->tail->length-car->head->x+car->head->length)
*(temp->tail->x-temp->tail->length-car->head->x+car->head->length)
>visionx(car->dx,car->dy,temp->y,car->head->y))){
leh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,temp->x-temp->length+1,temp=>y);
break;
¥
temp=temp->tail;
¥
while(temp1!=NULL){
if((templ->x-templ->length-car->head->x+1)*(templ->x-templ->length-car->head->x+1)
<visionx(car->dx,car->dy,templ->y,car->head->y)
&&((templ->tail->x-templ->tail->length-car->head->x+car->head->length)
*(templ->tail->x-temp1->tail->length-car->head->x+car->head->length)
>visionx(car->dx,car->dy,templ->y,car->head->y))){
reh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,templ->x-templ->length+1,templ->y);
break;
}
templ=templ->tail;

}
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acc=7.235*(leh/(leh+eh+reh)*(temp->width*temp->tall/(temp->x-car->x-temp->length+1))*(temp
->V-car->v)

+eh/(leh+eh+reh)*(car->head->width*car->head->tall/(car->dx))*(car->head->v-car->v)

+reh/(leh+eh+reh)*(templ->width*templ->tall/(templ->x-car->x-templ->length+1))*(templ->v-
car->v));

if(car->head==NULL)

car->a=0;

else if((-car->head->v*car->head->v+car->v*car->v)/(2*7.2)>(car->head->x-car->x))

car->a=-7.2;

else if(acc>3.6)

car->a=3.6;

else if(acc<-7.2)

car->a=-7.2;

else

car->a=acc;

int check_carl(struct node *car)

{
struct node *temp=NULL,;

float leh=0,ceh=0,acc=0;

temp=headc;
leh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,car->head->x-car->head->length+1,car->head->y);
while(temp!=NULL){
if((temp->x-temp->length-car->head->x+1)*(temp->x-temp->length-car->head->x+1)
<visionx(car->dx,car->dy,temp->y,car->head->y)
&&((temp->tail->x-temp->tail->length-car->head->x+car->head->length)
*(temp->tail->x-temp->tail->length-car->head->x+car->head->length)
>visionx(car->dx,car->dy,temp->y,car->head->y))){

ceh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy

,temp->x-temp->length+1,temp->y);

break;

}
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temp=temp->tail,

}

acc=7.235*(leh/(leh+ceh)*(car->head->width*car->head->tall/(car->dx))*(car->head->v-car->v)

+ceh/(leh+ceh)*(temp->width*temp->tall/(temp->x-car->x-temp->length+1))*(temp->v-car->v));
if(car->head==NULL)
car->a=0;
else if((-car->head->v*car->head->v+car->v*car->v)/(2*7.2) > (car->head->x-car->x) )
car->a=-7.2;
else if(acc>3.6)
car->a=3.6;
else if(acc<-7.2)
car->a=-7.2;
else
car->a=acc;

int check_carr(struct node *car)
{
struct node *temp=NULL,;
float ceh=0,reh=0,acc=0;

temp=headc;
reh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,car->head->x-car->head->length+1,car->head->y);
while(temp!=NULL){
if((temp->x-temp->length-car->head->x+1)*(temp->x-temp->length-car->head->x+1)
<visionx(car->dx,car->dy,temp->y,car->head->y)
&&((temp->tail->x-temp->tail->length-car->head->x+car->head->length)
*(temp->tail->x-temp->tail->length-car->head->x+car->head->length)
>visionx(car->dx,car->dy,temp->y,car->head->y))){
ceh=GauProb(car->head->x-car->head->length+1,car->head->y,car->dx,car->dy
,temp->x-temp->length+1,temp->y);

break;
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}

temp=temp->tail;

}

acc=7.235*(reh/(reh+ceh)*(car->head->width*car->head->tall/(car->dx))*(car->head->v-car->v)

+ceh/(reh+ceh)*(temp->width*temp->tall/(temp->x-car->x-temp->length+1))*(temp->v-car->v));
if(car->head==NULL)
car->a=0;
else if((-car->head->v*car->head->v+car->v*car->v)/(2*7.2)>(car->head->x-car->x))
car->a=-7.2;
else if(acc>3.6)
car->a=3.6;
else if(acc<-7.2)
car->a=-7.2;
else
car->a=acc;

float car_safe(struct node *car)

{

float dmin;
struct node*temp;

dmin=(-temp->v*temp->v+car->v*car->v)/(2*7.2);

return dmin;

float visionx(float dxx, float dyy, float yy, float hyy)

{
return (1-(yy-hyy)*(yy-hyy)/(dyy*dyy))*dxx*dxx;
}
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float normal(float mean,float stddev)
{

static double V2,fac;

static int phase =0;

double S, Z, U1, U2, V1,

if(phase)
Z=\/2*fac;

else{
do{
Ul=(double)rand())RAND_MAX;
U2=(double)rand())RAND_MAX;
V1=2*U1-1,;
V2=2*U2-1,;
S=V1*V1+V2*V2;
Ywhile(S>=1);
fac = sqrt(-2*1og(S)/S);
Z=V1*fac;
¥
phase =1- phase;
return((float)Z)*stddev+mean;

}

float GauProb(float meanx, float meany,
float sttdevx,float sttdevy, float carx, float cary)

double AA;
double BB;

AA=-1/2*((carx-meanx)*(carx-meanx)/(sttdevx*sttdevx)+
(cary-meany)*(cary-meany)/(sttdevy*sttdevy));

BB=exp(AA);

return BB/(2*3.14*sttdevx*sttdevy);

}
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