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Abstract

In this project, an innovative optical axis calibration algorithm is proposed for long
distance stereo image modeling. With this algorithm, 3D models can be created on
objects that are 100 meters apart or further. As the distance increases, the object in the

image becomes smaller.

In order to maintain a suitable image size, the resolution needs to be increased,;
however, this does decrease execution speed. To compensate for this, a graphics
processor unit (GPU) with computing and multi-threading implementation was used to

raise the execution speed of the program.

Using these two techniques, 10 frames of 1280x720 high resolution 3D models can
beestablished per second. According to the results, a brand-new automobile
anti-collisionwarning system can be designed, and combined with the optical axis
calibration algorithm to achieve long distance 3D stereo image modeling. To design this
system, two webcams were used to capture images, and source codes provided by
OpenCV were used to actualize the image processing procedures. This can significantly
reduce the costs of automobile anti-collision warning systems, as well as provide an

efficient system to help avoid car collisions.
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Bl 35:x,=x, =tanB, ; M 36:x,=tan(B,—0,)
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double ideal_distance = 2000.0; // calibration object distance

double fL = 949.19078736281699; // Logitech C920 focal length value (Left camera)
double fR = 902.18669057603711; // Logitech C920 focal length value (Right camera)
double B_MUL_F_constant = ((fL + fR)/2) * 90; // 90 => two cameras offset
LK RACD $ R SRR A RS L EE(ixel) 0 1 E 2 X (1)¢ B*E chiE

double x2R = xR - 640.0; // 640 is the middle point of image resolution 1280%*720
double x2L

XL - 640.0;
double x1L

( B_MUL_F_constant / ideal_distance) + x2R;

double x1R = x2R;

HISEGY FRSFMEPGS RORBIEYR T BRA Y L Ap ki
BRI 2RQ)TT E AR H

double tan_theta_xR

(fR * (x1R-x2R)) / (x2R*x1R + fR*fR);

double tan_theta_xL = (fL * (x1L-x2L)) / (x2L*x1L + fL*fL);
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createsamples -img face.png -num 10 -bg negatives.dat -vec samples.vec -maxxangle
0.6 -maxyangle @ -maxzangle 0.3 -maxidev 100 -bgcolor @ -bgthresh @ -w 20 -h 20
2T AMEED P HGAS N 10%E A R ERE AR PR XY
negatives.dat ¥ @ [ F F B TP 0 {8 A 4 samples.vec g &

mergevec samples.dat samples_total.vec
FF AR RGAL S BVeC AR o B g £ BT U AT hvec fhR f o
samples.dat = &t & # 2 #7F .vec ik L

haartraining -data haarcascade -vec samples_total.vec -bg negatives.dat -nstages
20 -nsplits 2 -minhitrate 0.999 -maxfalsealarm 0.5 -npos 7000 -nneg 3019 -w 20 -h
20 -nonsym -mem 512 -mode ALL

Bofsfe  prdp b FALE v - F & A 058 S npos( w B )1 2 nneg( f
CF AAET = —‘-&EJ_?’FK% mEEA A LE s B 100 @ f oo B A F]
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X0 H 3 - BASTG TR
convert_cascade --size="20x20" haarcascade haarcascade.xml
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for(i=0;i<detect_num;i++) {

cRect_detect = objects[i];
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detect
detect

x_lower=

_object_center_y

_object_center_x

cRect_detect.y + cRect_detect.height/2;

cRect_detect.x + cRect_detect.width/2;

(W/2+DETECT_AREA_X_OFFSET1)*(1.0-(double)((double)detect_object_center_y/(double)H));

X_upper=

(W/2+DETECT_AREA_X_OFFSET2)*(1.0+(double) ((double)detect_object_center_y/(double)H));

if(detect_object_center_x >= x_lower && detect_object_center_x <= x_upper) {

cRect_objl[object_cnt] = cRect_detect;

detect_obj_center[object_cnt].x =detect_object_center_x;

detect_obj_center[object_cnt].y =detect_object_center_y;

object_cnt++;

}
}
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VideoCapture caplL(1);

VideoCapture capR(2);

F L 41% OpenCV “iik i crfe i 4 B i dn £+ % 007 & [ i 5 SRR
SR T RAEE o

caplL.set(CV_CAP_PROP_FRAME_WIDTH, 1920);
capl.set(CV_CAP_PROP_FRAME_HEIGHT, 1080);
capR.set(CV_CAP_PROP_FRAME_WIDTH, 1920);
capR.set(CV_CAP_PROP_FRAME_HEIGHT, 1080);

FI* P dp s ¥ LE v A B TR L 3T R
cameral_enable_capture = false;
cameraR_enable_capture = false;

cameral_capture_done

false;

cameraR_capture_done false;

B e AT H R RS ko AR PE IR T AT S

I

_beginthread(capture_camera_L, 0, (void *)NULL);
_beginthread(capture_camera_R, 0, (void *)NULL);
FI% gy 4T R A B TR e

while(1) {
if(cameral_enable_capture) {
cameral_capture_done = false;

capL.read(cameralL_frame); // read a new frame from video

cameral_capture_done = true;

cameral_enable_capture = false;

}

xy
fe3

}
LLABER R M RA R TR o R RS B PR AN B
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imape 040 imagel-10-04-0 image ageL-10-04 negal:10 040 image 04-0 image 0 imagel-10-04-0 imagel-10-04-0 imagel-10-04-0 imageL-10-0
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Page 10040 imegat-10040  imagel 100 04-0 ..,.Lu ena Pagel-10.040 imagat 0040 imag
432 8011

m&&@aﬁﬁ%&m

(2) W plt %8

| FREPE] " o5 B iE > AFTF R % OpenCV #r3k i & 1 %
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% & * GPU
String car_cascade_name = "training/cars3.xml";
CascadeClassifier car_cascade;

#2358 — B 4R - OpenCV #rdk -2 TR % »

car_cascade.detectMultiScale( frame, objects, 1.1, 2, @|CV_HAAR_SCALE_IMAGE,
Size(25, 25));

it * ek ﬁ' FricE TR l/z\’ pE ko & ‘T’%lﬁ »T}':’K—{"_ 7o % #ic frame &2 F P LR
® ghobject Wt Fot - Tk 11 B 0@ Size(25,25) & A yEEs ) B iR
jﬁ%,l.—t‘;’:\l}b A ot ;g ! 4;}‘%
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for(i=0;i<detect_num;i++) {
cRect_detect = objects[i];
detect_object_center_y = cRect_detect.y + cRect_detect.height/2;
detect_object_center_x = cRect_detect.x + cRect_detect.width/2;
x_lower=
(W/2+DETECT_AREA_X_OFFSET1)*(1.0-(double) ((double)detect_object_center_y/(double)H));
X_upper=
(W/2+DETECT_AREA_X_OFFSET2)*(1.0+(double) ((double)detect_object_center_y/(double)H));
if(detect_object_center_x >= x_lower && detect_object_center_x <= x_upper) {
cRect_objl[object_cnt] = cRect_detect;
detect_obj_center[object_cnt].x =detect_object_center_x;
detect_obj_center[object_cnt].y =detect_object_center_y;

object_cnt++;

-

}
TEF

NS

GIERE B (LY - %)

for(i=0;i<object_cnt;i++) {
same_object = false;
if(pre_x > 0 && pre_y > 0) {
if(cRect_obj1[i].x > pre_x-cRect_objl1[i].width && cRect_objl[i].x <pre_x
+ cRect_objl[i].width && cRect_objil[i].y > pre_y-cRect_objl[i].height &&
cRect_objl[i].y < pre_y+cRect_objil[i].height) {

same_object = true;

}

if(same_object == false) {
cRect_obj[object_cntl] = cRect_obji[i];
object_cntl++;

pre_x = cRect_obj1[i].x;

pre_y = cRect_objl[i].y;
}
}
RN UES S L LR B S SRS U ER L B € S L
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it * GPU

BT kAR Y SN2 @ GPURRF AR o R 244 ¢ F § 41 gpushiat
B

String car_cascade_name = "training/cars3.xml";

CascadeClassifier_GPU car_cascade_gpu;
TR RS TR

int detect_num = car_cascade_gpu.detectMultiScale(gray_gpu, objects, Size(309,
300), Size(50, 50), 1.3, 1);

FU# o5 B B PR
i R b i PR L LI St

TR 632 B 645 T EEERR:
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int match_method = CV_TM_CCORR_NORMED;
TEPAF T RPETR Y Rt Y 22

Image = Image_grey(Rect(550,330, 200, 140));
Template = Image_grey(Rect(650,380, 100, 70));
TERKFFDEE Z L]

matchTemplate( Image_grey, Template, result, match_method );
Boi & efh 74p 4 0 1% Template £ Image_grey g Bl b i 700 4 > #-8 % 3¢
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» result ¢

double minVal; double maxVal; Point minLoc; Point maxLoc;

Point matchLoc;

minMaxLoc( result, &minVal, &maxVal, &minLoc, &maxLoc, Mat() );

matchLoc = maxLoc;

PULHEEHANRABR PRSI TSR - P 2 8L E D RS RER(T
AE)

] 65 % B 66 & thim 7 pe (T R

detected_object

w02 Ap s I & B -k B T (5 AR 8 ) 2 B iR 4R
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g PERS 10028 RABT K G LR 0 T LY
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s Y

FileStorage fs;

fs.open("calibration_file_5000.xml", FileStorage::READ);
=L A TR LA e A 2 X 4

double fL, fR;

double tan_theta_R, tan_theta_L;
fs["tan_theta_xR"] >> tan_theta_R;
fs["tan_theta_xL"] >> tan_theta_L;
fs["fL"] >> fL;

fs["fR"] >> fR;
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double B_MUL_F_constant = ((fL + fR)/2) * 90;

double xR_test = matchlLoc.x;

double xL_test box.x;
double x2R_test = xR_test - 640.0;
double x2L_test = xL_test - 640.0;

Boid LB R i R

double x1R_test = fR * ((x2R_test + fR * tan_theta_R) / (fR - x2R_test * tan_theta_R));
double x1L_test
FI* AT HRNOFEFPEL LSRR 0 #E N { Haaant B ey

double disparity = x1L_test - x1R_test;

fL * ((x2L_test + fL * tan_theta_L) / (fL - x2L_test * tan_theta_L));

double distance = B_MUL_F_constant*0.01/ disparity;
FEAGARAL o F P A 20D DEd

(4) PR E7

PREF 2 G A LR A AP EFET R

FEA S TSR RN

if(distance < prev_distance) {
if(image_seq_no-danger_start > 20) danger_cnt = 0; else danger_cnt++;

danger_start = image_seq_no;

}
else {

danger_cnt = 0;
}

& WOPIFEYE-] >t - B EEYEPT 0 38T A & =X #e(danger_cnt)3g 4x 5 @ image_seq_no
A R EpEg R b R R L - B gk & F 72 AP Hdanger_cntE ¥

bool had_fired = false;
if(prev_distance-distance > 2.0) {alarm_fired = true; had_fired = true;}
if(distance <= 10 && had_fired == false) {alarm_fired = true; had_fired = true;}
if(danger_cnt > 3 && had_fired == false) alarm_fired = true;
alarm_fired 3 fxd &7 cnfe B > @ U Fl 5w - BiE 2 A 3417 5 (had_fired)
o Rlis e AR LT E T
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%t4% 1-0 (camera_cal.cpp)

// new_camera_cal.cpp : Defines the entry point for the console application.

1/

#include "stdafx.h"
#include <iostream>
#include <sstream>
#include <time.h>

#include <stdio.h>

#include <stdlib.h>

#include "cxcore.h"

#include "highgui.h"

#include "cv.h"

#include <opencv2/opencv.hpp>

#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>
#include <opencv2/imgproc/imgproc.hpp>

#include <opencv2/calib3d/calib3d.hpp>

#define CAPTURE
#define DEMO
#define IMG_RES 1280
#tdefine CAL_D 5000

using namespace cv;

using namespace std;

CvRect box;
bool drawing_box = false;

int mouse_x, mouse_y;

void draw_box( Mat img, CvRect rect ){

rectangle( img, cvPoint(box.x, box.y),

62



cvPoint(box.x+box.width,box.y+box.height),

cvScalar(oxff,0x00,0%x00), 3, 8, 0 );

void my_mouse_callback( int event, int x, int y, int flags, void *param )

{

Mat *image = (Mat *) param;

mouse_X = X;

mouse_y = y;
switch( event ) {
case CV_EVENT_MOUSEMOVE:
if( drawing_box ){
box.width = x-box.x;
box.height = y-box.y;
}

break;

case CV_EVENT_LBUTTONDOWN :
drawing_box = true;
box = cvRect( x, y, 0, 0 );

break;

case CV_EVENT_LBUTTONUP:

drawing_box = false;

if( box.width < @ ){
box.x += box.width;
box.width *= -1;

}

if( box.height < @ ){
box.y += box.height;
box.height *= -1;

}

draw_box( *image, box );

break;
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int _tmain(int argc, _TCHAR* argv[])
{
Mat framel_grey, frameR_grey;

Mat framelL, frameR;

cvNamedWindow( "WebcamL",1);

cvNamedWindow( "WebcamR",1);

#ifdef CAPTURE-
VideoCapture capL(2);

VideoCapture capR(1);

capL.set(CV_CAP_PROP_FRAME_WIDTH, IMG_RES);
capR.set(CV_CAP_PROP_FRAME_WIDTH, IMG_RES);

if(IMG_RES == 640){
capL.set(CV_CAP_PROP_FRAME_HEIGHT, 480);
capR.set(CV_CAP_PROP_FRAME_HEIGHT, 480);

}
else{
capL.set(CV_CAP_PROP_FRAME_HEIGHT, IMG_RES*@.5625);
capR.set(CV_CAP_PROP_FRAME_HEIGHT, IMG_RES*@.5625);
}
while(1) {
capL.read(framel);
capR.read(frameR);
imshow("WebcamL", framel);
imshow("WebcamR", frameR);
if(waitKey(@) == 27) break;
}
ttelse

char fullnamelL[100], fullnameR[100];
sprintf(fullnameL, "c:/temp/img/imagel@50-1280-14-20-19-746.jpg");
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sprintf(fullnameR, "c:/temp/img/imageRO50-1280-14-20-19-746.jpg");
frameL = imread(fullnamelL, 1);

frameR = imread(fullnameR, 1);

imshow("WebcamL", framel);

imshow("WebcamR", frameR);

waitKey(0);
#endif

cvtColor(frameL, framelL_grey, CV_BGR2GRAY);
cvtColor(frameR, frameR_grey, CV_BGR2GRAY);

cvSetMouseCallback("WebcamL", my_mouse_callback, &framel);

Mat temp;
char dis_str[100];
while(1) {
framelL.copyTo(temp);
if( drawing_box ) draw_box( temp, box );
sprintf(dis_str, "x=%d y=%d", mouse_x, mouse_y);
putText(temp, dis_str, cvPoint(320, 100), FONT_HERSHEY_COMPLEX_SMALL,
1.2, cvScalar( 0, 0, 255), 1, CV_AA);
imshow("WebcamL", temp);
if( cvWaitKey(50)==27 )

break;

Rect cRectR1;

Rect cRectll;

cRectlLl.x = box.x * 1.0;
cRectlLl.y = box.y * 1.0;
cRectLl.width = box.width * 1.0;
cRectlLl.height = box.height *1.0;
Mat L = framel_grey(box);

cRectR1. box.x - 6*box.width; if(cRectR1l.x < @) cRectRl.x = 0;

X
I

cRectRl.y

box.y - box.height * 1.0; if(cRectRl.y < @) cRectRl.y = 0;
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cRectR1l.width = box.width * 8.0;
cRectR1l.height = box.height *2.0;

Mat R = frameR_grey(cRectR1);

Mat result;

int match_method = CV_TM_CCORR_NORMED;

matchTemplate( frameR_grey, L, result, match_method );

normalize( result, result, 0, 1, NORM_MINMAX, -1, Mat() );

/// Localizing the best match with minMaxLoc
double minVal; double maxVal; Point minLoc; Point maxLoc;

Point matchlLoc;

minMaxLoc( result, &minVal, &maxVal, &minLoc, &maxLoc, Mat()

matchLoc = maxLoc;

Rect R_box;

R_box.x = matchLoc.x;
R_box.y = matchlLoc.y;
R_box.width = box.width ;

R_box.height = box.height;

rectangle(frameR, R_box, Scalar( @, 255, 255 ), 2, 8, 9);
imshow("WebcamR", frameR);

char idx[100];

#ifdef DEMO

int base = 9;
double ideal distance = CAL_D / 13.986014;

sprintf(idx, "demo");

#else

int base = 90;
double ideal distance = CAL_D;

sprintf(idx, "car");
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#endif

double xR = matchLoc.x;
double xL = box.Xx;

double fL

949.19078736281699/1280*IMG_RES;
double fR

902.18669057603711/1280*IMG_RES;
double B_MUL_F_constant = ((fL + fR) / 2) * base;

double x2R = xR - IMG_RES/2;
double x2L = xL - IMG_RES/2;
double x1L = ( B_MUL_F_constant / ideal_distance) + x2R;

double x1R = x2R;

double x1_test = x1L - x1R;

double tan_theta_xR

(fR * (x1R-x2R)) / (x2R*x1R + fR*fR);

double tan_theta_xL (fL * (x1L-x2L)) / (x2L*x1L + fL*fL);

printf("tan_theta_xR

%f\n", tan_theta_xR);

printf("tan_theta_xL = %f\n", tan_theta_xL);

waitKey(0);

char filename[100];

sprintf(filename, "C:/Temp/CAL_file/calibration_file %d_%d_%s.xml" , CAL_D,
IMG_RES, idx);

FileStorage fs;

fs.open(filename, FileStorage::WRITE);

fs << "tan_theta_xR" << tan_theta_xR;
fs << "tan_theta_xL" << tan_theta_xL;
fs << "fL" << fL;

fs << "fR" << fR;

fs.release();

cout << "Write done" << endl;
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waitKey(0);

return 0;
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4% 2-0 (car_warning_radar_system.cpp)

// car_warning_radar_system.cpp : Defines the entry point for the console
application.

//

#include "stdafx.h"
#include <iostream>
#include <sstream>
#include <time.h>
#include <stdio.h>
#include <stdlib.h>
#include <vector>
#include <string>
#include <algorithm>
#include <ctype.h>
#include <process.h>
#include "sys/timeb.h"
#include <Windows.h>

#include <MMSystem.h>

#include "cxcore.h"

#include "highgui.h"

#include "cv.h"

#include <opencv2/opencv.hpp>

#include <opencv2/core/core.hpp>
#include <opencv2/highgui/highgui.hpp>
#include <opencv2/imgproc/imgproc.hpp>
#include <opencv2/calib3d/calib3d.hpp>
#include <opencv2/gpu/gpu.hpp>

#define CAPTURE

#define OPTICAL AXIS CALIBRATION
#define DEMO

#tdefine CAL_NO 1500

#define IMG_RES_W 1280

#tdefine IMG_RES_H 720

#tdefine OBJECT_SIZE 60
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#define
#define
#define
#define
#define

#define

#define

using na
using na

using na

String c
String m

CascadeC

CascadeC

volatile
volatile
volatile
volatile

volatile

Mat came
Mat came
Mat came

Mat came

double f
double t

ROI_X 400
ROI_Y 200
ROI_W 700
ROI_H 500
DETECT_AREA_X_OFFSET1 10
DETECT_AREA_X_OFFSET2 40

ALARM false

mespace cv;
mespace std;

mespace cv::gpu;

ar_cascade_name = "c:/temp/training/cars3.xml";

ot_cascade_name = "c:/temp/training/haarcascade_motor01121559.xml";

lassifier_GPU car_cascade_gpu;

lassifier_GPU mot_cascade_gpu;

bool cameral_enable_capture;
bool cameraR_enable_capture;
bool cameral_capture_done;
bool cameraR_capture_done;

bool alarm_fired;

ral_frame;
raR_frame;
ral_frame_grey;

raR_frame_grey;

L, fR;
an_theta_R, tan_theta_L;

double B_MUL_F_constant;

Scalar

color[10];

Rect msg_box[10];

Point

msg_loc[10];
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int H, W;
int danger_cnt = 0;

double prev_distance;

int detect_types[300];

char *get_detail currenttime()

{
char stl[100];

char st2[100];

struct timeb detail_time;

ftime(&detail time);

strcpy(stl, ctime(&detail_time.time));

st1[7] -
n\e';
strcpy(st2, &sti[4]);

st1[19]

sprintf(stl, "%s.%03d", st2, detail time.millitm);

return(&sti[0]);

int gpu_detectAndDisplay(Mat frame, Rect *cRect_obj)
{

GpuMat car_objects;

GpuMat mot_objects;

GpuMat features;

Rect cRect_detect;

Rect cRect_objl[100];

Rect cRect_all obj[300];

Point2f detect_obj_center[100];

int detect_obj_types[300];

int detect_objl_types[300];

int W1l=frame.cols, Hl=frame.rows;
int i;

int x_lower, x_upper;
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int object_cnt = ©;

double t = (double)getTickCount();

GpuMat gray_converted;
GpuMat gray_gpu(frame);
gpu::equalizeHist(gray_gpu, gray_converted);

int car_detect_num = car_cascade_gpu.detectMultiScale(gray_converted,
car_objects, Size(200, 200), Size(50, 50), 1.3, 2);

int mot_detect_num = mot_cascade_gpu.detectMultiScale(gray_converted,
mot_objects, Size(250, 250), Size(50, 50), 1.3, 4);

printf("gpu_detectAndDisplay: car_detect num=%d\n", car_detect_num);

printf("gpu_detectAndDisplay: mot_detect num=%d\n", mot_detect_num);

Mat obj_host;

car_objects.colRange(@, car_detect_num).download(obj_host);
Rect* cobjects = obj_host.ptr<Rect>();
for(i=0;i<car_detect_num;i++) {
detect_obj_types[object_cnt] = 1;
cRect_all obj[object_cnt++] = cobjects[i];

mot_objects.colRange(@, mot_detect_num).download(obj_host);
cobjects = obj_host.ptr<Rect>();
for(i=0;i<mot_detect num;i++) {
detect_obj_types[object_cnt] = 2;
cRect_all obj[object_cnt++] = cobjects[i];

int detect_object_center_y;

int detect_object_center_x;

int object_cnto = 0;
for(i=0;i<object_cnt;i++) {
cRect_detect = cRect_all_obj[i];
detect_object_center_y = cRect_detect.y + cRect_detect.height/2;
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detect_object_center_x = cRect_detect.x + cRect_detect.width/2;
x_lower=
(W1/2+DETECT_AREA X _OFFSET1)*(1.0-(double)((double)detect_object_center_y/(d
ouble)Hl));
x_upper=
(W1/2+DETECT_AREA X OFFSET2)*(1.0+(double)((double)detect_object_center_y/(d
ouble)Hl));

if(detect_object_center_x >=x_lower & detect_object_center_x <= x_upper)

cRect_objl[object_cnt@] = cRect_detect;
detect_objl_types[object_cnt@] = detect_obj_types[i];
detect_obj_center[object_cnt@].x = detect_object center_x;
detect_obj_center[object_cnt@].y = detect_object center_y;

object_cnto++;

if(object_cnto == @) {
t = ((double)getTickCount() - t)/getTickFrequency();

cout << "Harr: Times passed in seconds: << t << endl;

return 0;

int object_cntl;

cRect_obj[o@] = cRect_objl[@0];
detect_types[@] = detect_objl_types[0];
object_cntl = 1;
if(object_cnto == 1) {
t = ((double)getTickCount() - t)/getTickFrequency();

cout << "Harr: Times passed in seconds: << t << endl;

return(object_cntl);

// check whether is same object?
bool same_object;
int k;

for(i=1;i<object_cnt@;i++) {
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same_object = false;

for(k=0; k<object_cntl; k++) {

if(abs(detect_obj_center[i].x-(cRect_objl[k].x+cRect_objl[k].width/2)) <
cRect_obji[k].width &&

abs(detect_obj center[i].y-(cRect_objl[k].y+cRect_objli[k].height/2)) <
cRect_obji[k].height ) {
same_object = true;

break;

}

if(same_object == false) {
cRect_obj[object_cntl] = cRect_objl[i];
detect_types[object_cntl] = detect_objl_types[i];

object_cntl++;

t = ((double)getTickCount() - t)/getTickFrequency();

cout << "Times passed in seconds: << t << endl;

return(object_cntl);

void capture_camera_L(void *dummy)

{
VideoCapture caplL(2);
capL.set(CV_CAP_PROP_FRAME_WIDTH, IMG_RES_W);

capL.set(CV_CAP_PROP_FRAME_HEIGHT, IMG_RES_H);

while(1) {
if(cameral_enable_capture) {
cameral_capture_done = false;
capL.retrieve(cameral_frame); // read a new frame from video
cvtColor(cameral_frame, cameral_frame_grey, CV_BGR2GRAY);
cameral_capture_done = true;

cameral_enable_capture = false;
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void capture_camera_R(void *dummy)

{
VideoCapture capR(1);
capR.set(CV_CAP_PROP_FRAME_WIDTH, IMG_RES_W);
capR.set(CV_CAP_PROP_FRAME_HEIGHT, IMG_RES H);
while(1) {
if(cameraR_enable_capture) {
cameraR_capture_done = false;
capR.retrieve(cameraR_frame); // read a new frame from video
cvtColor(cameraR_frame, cameraR_frame_grey, CV_BGR2GRAY);
cameraR_capture_done = true;
cameraR_enable_capture = false;
}
}
}

void play_alarm(void *dummy)

{
while(1) {
if(alarm_fired && ALARM) {
alarm_fired = false;
PlaySound(TEXT("alarm.wav"), NULL, SND_SYNC);
}
}
}

void init()
{
char filename[100];

cvNamedWindow("WebcamL",1);
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cameral_enable_capture = false;

cameraR_enable_capture = false;

cameral_capture_done = false;
cameraR_capture_done = false;
alarm_fired = false;

int gpuCnt = getCudakEnabledDeviceCount(); // gpuCnt >0 if CUDA device
detected

if(gpuCnt==0) exit(-1);

if(!car_cascade_gpu.load(car_cascade_name)) exit(-1);

if(!mot_cascade_gpu.load(mot_cascade_name)) exit(-1);

int base = 9;

FileStorage fs;
sprintf(filename, "C:/Temp/CAL_file/calibration_file %d_%d_demo.xml",
CAL_NO, IMG_RES_W);

fs.open(filename, FileStorage::READ);

fs["tan_theta_xR"] >> tan_theta_R;
fs["tan_theta_xL"] >> tan_theta_L;
fs["fL"] >> fL;

fs["fR"] >> fR;

B_MUL_F_constant = ((fL + fR)/2) * base;

I
I

IMG_RES_H;

=
I

IMG_RES_W;

color[@] = Scalar(® , 255, 255);
color[1] = Scalar(255, @ , 255);
color[2] = Scalar(255, 255, @ );
color[3] = Scalar(®@ , © , 255);
color[4] = Scalar(@ , 255, @ );
color[5] = Scalar(255, @ , @ );
color[6] = Scalar(255, 255, 255);

int i;

for(i=0; i<6; i++) {
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}

msg_box[i].x = W/2 - 150;
msg_box[i].y = i*120 + 50,
msg_box[i].width

300;
msg_box[i].height = 100;

msg_loc[i].x msg_box[i].x + 20;

msg_loc[i].y

msg_box[i].y + 60;

prev_distance = 0.0;

danger_cnt = 0;

double calc_distance(Mat frame, Mat obj_img, Rect frame_rect,

int *disparity)

{

Mat result;
int match_method = CV_TM_CCORR_NORMED;

Rect rect_found = obj_rect;

/// Localizing the best match with minMaxLoc

double minVal; double maxVal; Point minLoc; Point maxLoc;
Point matchlLoc;

double t = (double)getTickCount();

matchTemplate( frame, obj_img, result, match_method );
normalize( result, result, 0, 1, NORM_MINMAX, -1, Mat() );
minMaxLoc( result, &minVal, &maxVal, &minLoc, &maxLoc, Mat()

matchLoc = maxLoc;

rect_found.x = matchLoc.x;

rect_found.y = matchlLoc.y;

double xR_test matchLoc.x + frame_rect.x;

double xL_test obj_rect.x;

double x2R_test

ROI_X + xR_test - W/2;
double x2L_test

ROI_X + xL_test - W/2;

double x1R_test
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tan_theta_R));
double x1L_test

fL * ((x2L_test + fL * tan_theta_L) / (fL - x2L_test
tan_theta_L));

double x1_test

X1L_test - x1R_test;
if(x1_test < 8) {

return -1;

double distance = 14.0*B_MUL_F_constant*0.01 / x1_test;

*disparity= (int)x1_test;

t = ((double)getTickCount() - t)/getTickFrequency();

cout << "TemplateMatch: Times passed in seconds: << t << endl;

return distance;

int _tmain(int argc, _TCHAR* argv[])
{

Mat framel_grey, frameR_grey;

Mat framelL, frameR;

Mat framelLl_grey, frameR1l_grey;

Mat framelLl, frameR1;

Mat L, R;

Rect cRectlL_all[100];

Rect Roi;

Point matchlLoc;

int detect_num;

int k;

char timestr[100];

bool show_lane = true;

int idx;
long image_seq_no = ©;
int danger_start = 0;

init();
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_beginthread(capture_camera_L, ©, (void *)NULL);
_beginthread(capture_camera_R, ©, (void *)NULL);
_beginthread(play_alarm, @, (void *)NULL);

// first initial to enable camera for image capturing
cameral_enable_capture = true;

cameraR_enable_capture = true;

// main threading

for(;;) {

// wait for image ready
while(!cameral_capture_done || !cameraR_capture_done) {

if(waitKey(1) == 27) break;

image_seq_no++;

// copy image from threading

frameL = cameral_frame.clone();

frameR = cameraR_frame.clone();
framelL_grey = cameral_frame_grey.clone();
frameR_grey = cameraR_frame_grey.clone();
cameral_enable_capture = true;

cameraR_enable_capture = true;

Roi = Rect(ROI_X, ROI_Y, ROI_W, ROI_H);

framelLl = frameL(Roi).clone();

cvtColor(framelLl, framelLl_grey, CV_BGR2GRAY);

if(show_lane) {
rectangle(frameL, Roi, Scalar(255,255,0), 2, 8, 0);
line(frameL, Point(ROI_X, ROI_Y+ROI_H),
Point (ROI_X+ROI_W/2+DETECT_AREA_X_OFFSET1, ROI_Y), Scalar(255,0,255), 2, 8, 0);
line(framelL, Point(ROI_X+ROI_W, ROI_Y+ROI_H),
Point (ROI_X+ROI_W/2+DETECT_AREA_X_OFFSET2, ROI_Y), Scalar(255,0,255), 2, 8, 0);

imshow("WebcamL", framelL);
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9;

detect_num = gpu_detectAndDisplay(framelLl_grey, &cRectL_all[@0]);
printf("%d", detect_num);

idx = 0;
for(k=0; k<detect_num; k++) {

Rect cRectR1;
Rect cRectll;
Rect cRectR2;

Rect cRectlL2;

cRectLl = cRectL_all[k];

if(cRectLl.width > OBJECT_SIZE && cRectLl.height > OBJECT_SIZE) {
cRectlL2.x = cRectLl.x + (cRectLl.width - OBJECT_SIZE)/2;
cRectL2.y = cRectlLl.y + (cRectLl.height - OBJECT_SIZE)/2;
cRectL2.width

OBJECT_SIZE;

cRectlL2.height = OBJECT_SIZE;

}
else {
cRectlL2 = cRectlL1l;
}
L = framelLl_grey(cRectL2).clone();

frameR1 = frameR(Roi).clone();
cvtColor(frameRl, frameR1l_grey, CV_BGR2GRAY);
cRectR1l.x = cRectL2.x - 4*cRectL2.width; if(cRectR1l.x < @) cRectR1l.x

cRectRl.y = cRectlL2.y - cRectL2.height; if(cRectR1l.y < @) cRectRl.y

cRectRl.width = cRectL2.width * 4.0; if(cRectRl.width > ROI_W)

cRectR1l.width = ROI_W;

cRectRl.height = cRectL2.height * 3.0; if(cRectRl.height > ROI_H)

cRectRl.height = ROI_H;

if(cRectRl.y+cRectR1l.height > ROI_H) cRectRl.y = cRectRl.y

- (cRectR1l.y+cRectR1l.height- ROI_H);

if(cRectR1l.x+cRectR1l.width > ROI_W) cRectR1l.x = cRectR1l.x

-(cRectR1l.x+cRectRl.width- ROI_W);
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R

int

= frameR1_grey(cRectR1l).clone();

disparity;

double distance = calc_distance(R, L, cRectR1, cRectL2, &disparity);

if(distance > 0) {

danger_cnt++;

= true;}

if(distance < prev_distance) {

if(image_seq_no-danger_start > 20) danger_cnt = 0; else

danger_start = image_seq_no;

}
else {

danger_cnt = 0;
}

bool had_fired = false;

if(prev_distance-distance » 2.0) {alarm_fired = true; had_fired

if(distance <= 10 && had_fired == false) {alarm_fired = true;

had_fired = true;}

8, 9);

0);

4, 8, 9);

8, 0);

if(danger_cnt > 3 && had_fired == false) alarm_fired = true;

prev_distance = distance;

cRectlLl.x = cRectLl.x + ROI_X;

cRectlLl.y = cRectlLl.y + ROI_Y;

if(had_fired) rectangle(framelL, cRectLl, Scalar(e, 0, 255), 4,

else rectangle(frameL, cRectLl1l, color[idx], 2, 8,

imshow("WebcamL", framelL);

char dis_str[100];

sprintf(dis_str, " %5.2f m", distance);

if(had_fired) rectangle(frameL, msg_box[idx], Scalar(@, @, 255),

else rectangle(frameL, msg_box[idx], color[idx], 2,

putText(frameL, dis_str, msg loc[idx] ,

FONT_HERSHEY_COMPLEX_SMALL, 2.0, color[idx], 2, CV_AA);
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imshow("WebcamL", framelL);

Point msg_locl;

msg_locl.x = msg_box[idx].x + msg_box[idx].width + 20;
msg_locl.y = msg _box[idx].y + 60;
if(detect_types[k] == 2) putText(frameL, "WATCHOUT !!!",

msg_locl , FONT_HERSHEY_COMPLEX_SMALL, 2.8, Scalar(@, @, 255), 2, CV_AA);
imshow("WebcamL", framel);
idx++;
}
} // for detect_num

imshow("WebcamL", framel);
strcpy(timestr, get_detail currenttime()); printf("time=%s\n",
timestr);
waitKey(10);
} //for loop

return 0;
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