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Abstract

This report mentions that principle and theory of digital image processing using
by OpenCV and vehicle license plate recognition by digital image processing which
works with hardware together for identify license car. If the program identify
correctly, it will respond to order part of the hardware. The function of application is
composed of Receiving image, Noise reduction, Changing bit to binary, Thresholding,
Data processing of image, Character recognition, Matchingtemplate and action of

hardware. Moreover the report has the test and conclusion too.
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NMARNUIN V.

Code Program

1. Program Arduino

#tinclude <Servo.h>
intsw;

intReadByte ;
intledPin = 2;
Servo myservo;
intpos = 0;

void setup()

{

Serial.begin(9600);
pinMode(9,INPUT);
pinMode(ledPin, QUTPUT);
myservo.attach(8);

}

void loop()

{

sw = digitalRead(9);
if(sw==HIGH)

{
Serial.println("a");
delay(5000);

}
while (Serial.available() > 0)

{

intinByte = Serial.read();
switch (inByte)

I
case 'b"
digitalWrite(ledPin, HIGH);
for(pos = 90; pos>=1; pos-=1)

{
myservo.write(pos);
delay(1);
}
delay(4000),
for(pos = 0; pos< 90; pos += 1)
{

myservo.write(pos);

49



delay(1);
}
break;
case 'C:
digitalWrite(ledPin, LOW);
break;
default;
// turn all the LEDs off:
digitalWrite(ledPin, LOW);
}
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2 Program Visual C++

#include "SerialClass.h"
#include <stdio.h>
#tinclude <cv.h>
#include <highgui.h>
#include <stdio.h>
#include <tchar.h>
#include <string>

int _trnain(int argc, TCHAR* argv[])
{

int datanum[4];

Iplimage *imgl;
Iplimage *img2;
Iplimage *img3;
Iplimage *imed;

Iplimage *tpl1;

Iplimage *resl;

CvPoint minloc, maxloc;
double minval, maxval;

int img1_width, imgl_height;
int tpll_width, tpll_height;
int res1_width, res1_height;

Iplimage *tpl2;

Iplimage *res2;

int img2_width, ime2_height;
int tpl2_width, tpl2_height;
int res2_width, res2_height;

Iplimage *tpl3;

Iplimage *res3;

int img3_width, img3_height;
int tpl3_width, tpl3_height;
int res3_width, res3_height;

Iplimage *tpld4;

Iplimage *resd,

int imgd_width, imgd_height;
int tpld_width, tpld_height;



int resd_width, resd_height;
printf("Welcome to the serial test app\n\n");
Serial* SP = new Serial("COM3:");  // adjust as needed

if (SP->IsConnected())
printf("We're connected");

char incomingData[256] = "; // don't forget to pre-allocate
memaory

printf("%s\n",incomingData);

int datalLength = 256;

int datalLengthl = 256;

int readResult = 0;

int write = 0;

while(SP->Serial:IsConnected())
{
int ¢
Iplimage* color_img;
CvCapture* cv_cap = cvCaptureFromCAM(2);

if(lev_cap)

printf( "ERROR: Capture is nulll\n");

cvNamedWindow("Video",1);// create window
for(;;)
{
color_img = cvQueryFrame(cv_cap)y// get frame

if(color_img != 0)
cvShowlmage("Video", color_img); // show frame

c = cvWaitKey(10);// wait 10 ms or for key stroke

readResult = SP->Serial:ReadData(incomingData,datalLength);
std::string test(incomingData);

test =™,
if(readResult == 3)

{
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IpUmage * Resize = cvCreatelmage(cvSize(600,450),IPL_DEPTH_8U,3);
cvResize(color_img,Resize,1);

cvSetlmageROI(Resize, cvRect(180,110,255,130));

IpUmage* Graylmg = cvCreatelmage(cvGetSize(Resize),IPL_DEPTH_8U,1);
cvCvtColor(Resize, Graylmg, CV_BGR2GRAY );

Iplimage* ImgBinaryy = cvClonelmage(Graylme);

cvAdaptiveThreshold(Graylmg,ImgBinaryy,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRESH
_BINARY,29,5);
Iplimage* ImgBinary =
cvCreatelmage(cvGetSize(ImgBinaryy),IPL_DEPTH_8U,1);
cvThreshold(ImgBinaryy,ImgBinary,128,255,CV_THRESH_BINARY);

cvSetlmageRON( ImegBinary, cvRect(110,12,210,70));

Iplimage* tp2 = cvCreatelmage(cvGetSize(lmgBinary),8, 1);
cvCopy(lmgBinary,tp2, 0);

Iplimage * tpl = cvCreatelmage(cvSize(200,81),IPL_DEPTH 8U,1);
cvResize(tp2,tpl,1);

int width1 = tpl->width;

int heightl = tpl->height;

int nchannelsl = tpl->nChannels;

int stepl = tpl->widthStep;

uchar *datal = ( uchar* )tpl->imageData;
int crop[81](200];
for(intj=0;j<81;j++)

{
for(inti=10;i<200;i++)
{
crop(jl[i] = datal[j*stepl +
i*nchannelsl + 0 ];
}
}
int yj[81];
for(int j=0;j < 81;j++)
{
inta=1;
for(int i=0;i < 200;i++)
{

if ( crop[jl[i] == 0)
{
yilil = &
at+;



int x[200];

for(int k=0;k < 200;k++)
{
intw=1;
for( int p=0;p<81;p++)
{
if ( crop[pllk] == 0)

cvSetimageROI( tpl, cvRect(16,4,42,70));
Iplimage® num1 = cvCreatelmage(cvGetSize(tpl),8, 1);
cvCopy(tpl,num1, 0);

cvSetimageROI( tpl, cvRect(63,4,41,70));
Iplimage* num2 = cvCreatelmagelcvGetSize(tpl),8, 1);
cvCopy(tpl,num2, 0);

cvSetimageROI( tpl, cvRect(108,4,40,70));
Iplimage* num3 = cvCreatelmage(cvGetSize(tpl),8, 1);
cvCopy(tpl,num3, 0);

cvSetimageRON tpl, cvRect(152,4,42,70));
Iplimage* num4 = cvCreatelmage(cvGetSize(tpl),8, 1);
cvCopy(tpl,numd, 0);

///Load Template/////

Iplimage* img00 = cvLoadlmage("num0.bmp",1);
Iplimage* imgl1 = cvlLoadlmage("num1.bmp",1);
Iplimage* img22 = cvLoadlmage("num2.bmp",1);
Iplimage* img33 = cvLoadlmage("num3.bmp",1);
Iplimage* imgdd = cvLoadlmage("num4.bmp",1);
Iplimage* img55 = cvLoadimage('num5.bmp",1);
IpUmage* img66 = cvLoadlmage("'numé.bmp",1);
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IpUmage* img77 = cvLoadimage('num7.bmp",1);
Ipimage* img88 = cvLoadimage('num8.bmp",1);
IpUimage* img99 = cvLoadlmage("'num9.bmp",1);

/////convert template

Ipimage* Graylmg0 = cvCreatelmage(cvGetSize(img00),IPL_DEPTH_8U,1);
cvCvtColor(img00, Graylmg0, CV_BGR2GRAY );

Iplimage* ImgBinary0 = cvClonelmage(Graylmg0);

cvAdaptiveThreshold(Graylmg0,ImgBinary0,255,CV_ADAPTIVE_THRESH_MEAN_C,CV THRES
H_BINARY,29,5);
Iplimage™ n0 = cvCreatelmage(cvGetSize(ImgBinary0),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary0,n0, 128,255,CV_THRESH_BINARY); |

Iplimage* Graylmg!l = cvCreatelmage(cvGetSize(img11),IPL_DEPTH 8U,1);
cvCvtColor(img11, Graylmgl, CV_BGR2GRAY );
Iplimage* ImgBinaryl = cvClonelmage(Graylmgl);

cvAdaptiveThreshold(Graylmg1,ImgBinary1,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H BINARY,29,5);
Iplimage™ n1 = cvCreatelmage(cvGetSize(lmgBinary1),IPL_DEPTH 8U,1);
cvThreshold(imgBinary1,n1,128,255,CV_THRESH_BINARY);

IpUimage* Graylmg2 = cvCreatelmage(cvGetSize(img22),IPL_DEPTH_8U,1);
cvCvtColor(img22, Graylmg2, CV_BGR2GRAY ),
Iplimage* ImgBinary2 = cvClonelmage(Graylmg2);

cvAdaptiveThreshold(Graylmgz2,ImgBinary2,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
Iplimage* n2 = cvCreatelmage(cvGetSize(ImgBinary2),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary2,n2,128,255,CV_THRESH_BINARY);

IpUmage* Graylmg3 = cvCreatelmage(cvGetSize(img33),IPL_DEPTH_8U,1);
cvCvitColor(img33, Graylmg3, CV_BGRZGRAY );
Iplimage* ImgBinary3 = cvClonelmage(Graylmg3);

CVAdaptiveThreshold(GrayImgB,ImgBinary3,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
Ipimage* n3 = cvCreatelmage(cvGetSize(ImgBinary3),IPL_DEPTH_8U,1);
cvThreshold(lmgBinary3,n3,128,255,CV_THRESH_BINARY);

Iplimage* Graylmgd = cvCreatelmage(cvGetSize(imgdd),IPL_DEPTH_8U,1);
cvCvtColor(imgdd, Graylmed, CV_BGR2GRAY );
Iplimage* ImgBinaryd = cvClonelmage(Graylmed);
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cvAdaptiveThreshold(Graylmgd,ImeBinary4,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
Iplimage* n4 = cvCreatelmage(cvGetSize(ImgBinaryd),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary4,n4,128,255,CV_THRESH_BINARY);

Iplimage* Graylmg5 = cvCreatelmage(cvGetSize(img55),IPL_DEPTH_8U,1);
cvCvtColor(img55, Graylmg5, CV_BGR2GRAY );
Iplimage* ImgBinary5 = cvClonelmage(Graylmg5);

cvAdaptiveThreshold(Graylmg5,ImgBinary5,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
IpUmage™ n5 = cvCreatelmage(cvGetSize(lmgBinary5),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary5,n5,128,255,CV_THRESH_BINARY);

Iplimage* Graylmgé = cvCreatelmage(cvGetSize(img66),IPL_DEPTH 8U,1);
cvCvtColor(img66, Graylmg6, CV_BGR2GRAY );
Iplimage* ImgBinary6 = cvClonelmage(Graylme6);

cvAdaptiveThreshold(Graylmeé,ImeBinary6,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
Ipimage™ né = cvCreatelmage(cvGetSize(lmgBinary6),IPL_DEPTH _8U,1);
cvThreshold(ImgBinary6,n6,128,255,CV_THRESH BINARY);

Iplimage* Graylmg7 = cvCreatelmage(cvGetSize(img77),IPL_DEPTH_8U,1);
cvCvtColor(img77, Graylmg7, CV_BGR2GRAY );
Iplimage™ ImgBinary7 = cvClonelmage(Graylmg7);

cvAdaptiveThreshold(Graylmg7,ImgBinary7,255,CV_ADAPTIVE_THRESH MEAN C,CV_THRES
H_BINARY,29,5);
Iplimage™ n7 = cvCreatelmage(cvGetSize(ImgBinary7),IPL_DEPTH 8U,1);
cvThreshold(ImgBinary7,n7,128,255,CV_THRESH_BINARY);

Iplimage* Graylmg8 = cvCreatelmage(cvGetSize(img88),IPL_DEPTH_8U,1);
cvCvtColor(img88, Graylmeg8, CV_BGR2GRAY );
Ipimage* ImgBinary8 = cvClonelmage(Graylmg8);

cvAdaptiveThreshold(Graylmg8,ImgBinary8,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
Iplmage* n8 = cvCreatelmage(cvGetSize(ImgBinary8),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary8,n8,128,255,CV_THRESH_BINARY);

Iplimage* Graylmg9 = cvCreatelmage(cvGetSize(img99),IPL_DEPTH 8U,1);
cvCvtColor(img99, Graylmg9, CV_BGR2GRAY );
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Iplimage* ImgBinary9 = cvClonelmage(Graylmg9);

cvAdaptiveThreshold(Graylmg9,ImeBinary9,255,CV_ADAPTIVE_THRESH_MEAN_C,CV_THRES
H_BINARY,29,5);
IpUmage* n9 = cvCreatelmage(cvGetSize(lmgBinary9),IPL_DEPTH_8U,1);
cvThreshold(ImgBinary9,n9,128,255,CV_THRESH_BINARY);

img1 = cvCreatelmage(cvSize(55,81),IPL_DEPTH_8U,1);
cvResize(num1,img1,1);
for(int j=0;j<=9;j++)
{

if(ji==0){tpll = n0;}

if(j==1)tpll = n1;}

if(j==2){tpl1 = n2;}

if(j==3){tpl1 = n3;}

if(j==0){tpll = n4;}

if(j==5)tpll = n5;}

if(j==6){tpl1 = n6;}

if(j==T)tpll = n7;}

if(j==8){tpl1 = n8;}

ifj==9){tpll = n9;}
imegl_width = imgl->width;
imgl_height = imgl->height;
tpll_width = tpll->width;
tpll_height = tpl1->height;
resl_width = imel_width - tpll width + 1;
resl_height = imgl_height - tpll_height + 1;
resl = cvCreatelmage( cvSize( res1_width, res1_height ), IPL_DEPTH_32F,

1
cvZero(resl);
cvMatchTemplate(img1, tpll, res1,CV_TM_SQDIFF NORMED);
cvMinMaxLoc( res1, &minval, &maxval, &minloc, &maxloc, 0 );
//printf("j = %d , minval = %f \n",j , minval);
//printf("] = %d , maxval = %f \n"j , maxval);
if ( minval < 0.36)
{
cvRectangle(imgl, cvPoint(minloc.x,minloc.y), cvPoint(minloc.x
+tpl1_width, minloc.y +tpll_height),cvScalar(0,0,255,0), 1, 0,0);

datanuml[Q]= j;
}

img2 = cvCreatelmage(cvSize(55,81),IPL_DEPTH_8U,1);



cvResize(num2,img2,1);

for(int j=0;j<=9;j++)

{

1%

if(j==0){tpl2 = n0;}
ifj==1){tpl2 = n1;}
if(j==2){tpl2 = n2;}
if(j==3){tpl2 = n3;}
if(j==a)tpl2 = na;}
ifj==5)(tpl2 = n5;}
ifj==6){tpl2 = n6;}
if(j=="){tpl2 = n7;}
if(j==8){tpl2 = n8;}
if(j==9){tpl2 = n9;}

img2_width = img2->width;

img2_height = img2->height;

tpl2_width = tpl2->width;

tpl2_height = tpl2->height;

res2_width = img2_width - tpl2_width + 1;
res2_height = img2_height - tpl2_height + 1;
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res2 = cvCreatelmage( cvSize( res2_width, res2_height ), IPL_DEPTH_32F,

cvZero(res2);

cvMatchTemplatelimg2, tpl2, res2,CV_TM_SQDIFF NORMED);
cvMinMaxLoc( res2, &minval, &maxval, &minloc, &maxloc, 0 );
//printf("j = %d , minval = %f \n"j , minval);

//printf("j = %d , maxval = %f \n"j , maxval);

if ( minval < 0.29)
{

cvRectangle(ime2, cvPoint(minloc.x,minloc.y), cvPoint(minloc.x
+tpl2_width, minloc.y +tpl2_height),cvScalar(0,0,255,0), 1, 0,0);

datanum(1]= j;

}

img3 = cvCreatelmage(cvSize(55,81),IPL_DEPTH_8U,1);
cvResize(num3,img3,1);

for(int j=0;j<=9;j++)

{

if(j==0){tpl3 = n0;}
ifj==1{tpl3 = n1}}
fj==2Mtpi3 = n2:}
if(j==3)}tpl3 = n3;}
ifj==0){tpl3 = nd;}



if(j==5)tpl3 = n5;}
ifj==6){tpl3 = n6;}
if(j==7)tpl3 = n73}
if(j==8){tpl3 = n8:}
if(j==9){tpl3 = n9;}

img3_width = img3->width;

img3_height = img3->height;

tpl3_width = tpl3->width;

tpl3_height = tpl3->height;

res3_width = img3 width - tpl3 width + 1;
res3 height = img3_height - tpl3_height + 1;
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res3 = cvCreatelmage( cvSize( res3_width, res3_height ), IPL_DEPTH_32F,

cvZero(res3);

cvMatchTemplate(img3, tpl3, res3,CV._TM_SQDIFF_NORMED);
cvMinMaxLoc( res3, &minval, &maxval, &minloc, &maxloc, 0 );
//printf("j = %d , minval = %f \n",j , minval);

//printf("j = %d , maxval = %f \n"j , maxval);

if ( minval < 0.42)
{

cvRectanele(imeg3, cvPoint(minloc.x,minloc.y), cvPoint(minloc.x
+tpl3_width, minloc.y +tpl3_height),cvScalar(0,0,255,0), 1, 0,0);

datanum(2]= j;

}

imed = cvCreatelmage(cvSize(55,81),IPL_DEPTH_8U,1);

cvResize(numd4,imgd, 1);

for(int j=0;j<=9;++)

{

if(j==0){tp\d = n0;}
if(j==D{tpld = n1;}
if(j==2){tpld = n2;}
ifj==3)tpld = n3;)
ifj==0)tpld = nd;}
if(j==5){tpld = n5;)
if(j==6){tpld = né;}
ifj==7)tpld = n7;)
if(j==8){tpld = n8;}
if(j==9){tpld = n9;}

imgd_width = imed->width;
imgd_height = imgd->height;
tpld_width = tpld->width;
tpld_height = tpld->height;
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resd_width = imgd_width - tpld_width + 1;

resd_height = imgd_height - tpld_height + 1;

resd = cvCreatelmage( cvSize( resd_width, resd_height ), IPL_DEPTH_32F,
1

cvZero(resd);

cvMatchTemplate(imgd, tpld, resd,CV_TM_SQDIFF_NORMED);

cvMinMaxLoc( resd, &minval, &mnaxval, &minloc, &maxloc, 0 ):

//printf("] = %d , minval = %f \n",j , minval);

//printf("j = %d , maxval = %f \n"j , maxval);

if ( minval < 0.6)

{

cvRectangle(imgd, cvPoint(minloc.x,minloc.y), cvPoint(minloc.x
+tpld_width, minloc.y +tpld_height),cvScalar(0,0,255,0), 1, 0,0);

datanum([3]= j;

}

/* display images */

cvNamedWindow( "reference’, CV. WINDOW AUTOSIZE );
cvNamedWindow( "template”, CV_ WINDOW_AUTOSIZE );
cvNamedWindow( "'num1", CV_WINDOW AUTOSIZE );
cvNamedWindow( "num2", CV_WINDOW_AUTOSIZE );
cvNamedWindow( "num3', CV_WINDOW_AUTOSIZE );
cvNamedWindow( "numd4", CV._ WINDOW AUTOSIZE );

cvShowlmage( "reference”, color_img );
cvShowlmage( "template”, tpl );
cvShowlmage( "num1", num1 );
cvShowlmage( "num2", num2 );
cvShowlmage( "num3", num3);

cvShowlmage( "numd”, num4 );

if(datanum[0]==3 && datanum[1]==0 && datanum[2]==5 && datanum[3]==4)

{
write = SP->Serial::WriteData("b",dataLength1);

break; // if ESC, break and quit

for (int m=0;m<4;m++)

{
printf("number{%d] = %d \n",m,datanum[m]);



/* wait until user press a key to exit */
cvWaitKey( 0 );

/* free memory */

cvDestroyWindow( "reference” );
cvDestroyWindow( "template" );
cvReleaseCapture( &cv _cap );
cvDestroyWindow("Video");
Sleep(1000);

return O;
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