ECE 661 Homework #2
Yunfeng Li
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Figure 1: original picture with projective distortion
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Figure 2: picture without projective distortion
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Figure 3: picture with free distortion

Problem 1

In the projective image, four points were chosen. These four points form a rectangle in the original picture.

A(103, 69, 1), B(360, 118, 1), C(373, 329, 1), D(107,357,1)
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The intersection (
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The line at infinity is 
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Set 
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 which is used to remove the purely projective distortion.
Figure 2 is the picture without projective distortion.

Source Code

#include "stdio.h"

#include "conio.h"

#include "stdlib.h"

#include "windows.h"

#include "math.h"

#include "assert.h"
struct Vector3

{


double x;


double y;


double z;

};

struct Vector3 Cross(struct Vector3 v1, struct Vector3 v2)

{


struct Vector3 v3;


v3.x = v1.y*v2.z - v1.z*v2.y;


v3.y = v1.z*v2.x - v1.x*v2.z;


v3.z = v1.x*v2.y - v1.y*v2.x;


return v3;

}

struct Vector3 Normalize(struct Vector3 v)

{


Vector3 _v;


_v.x = v.x/v.z;


_v.y = v.y/v.z;


_v.z = 1;


return _v;

}

void main()

{


long i,j;


// Load the image


FILE *fp;


fp = fopen("1.ppm","rb");


if(fp==NULL)


{



printf("cannot open the 1.ppm\n");



return;


}


char pszbuff[1024];


int width,height,color;


fgets(pszbuff,1024,fp);


fscanf(fp,"%d %d\n",&width,&height);


fscanf(fp,"%d\n",&color);


BYTE *pR,*pG,*pB;


long size = width*height;


pR = new BYTE[size];


pG = new BYTE[size];


pB = new BYTE[size];


for(i=0;i<size;i++)


{



fread(&pR[i],sizeof(BYTE),1,fp);



fread(&pG[i],sizeof(BYTE),1,fp);



fread(&pB[i],sizeof(BYTE),1,fp);


}


fclose(fp);


// Calculate the matrix of transformation


struct Vector3 ProjV[4];


struct Vector3 IntersectV1,IntersectV2;


struct Vector3 InfLine;


double l1,l2,l3;


ProjV[0].x = 103; ProjV[0].y = 69;  ProjV[0].z = 1;


ProjV[1].x = 360; ProjV[1].y = 118; ProjV[1].z = 1;


ProjV[2].x = 373; ProjV[2].y = 329; ProjV[2].z = 1;


ProjV[3].x = 107; ProjV[3].y = 357; ProjV[3].z = 1;


struct Vector3 line1,line2;


line1 = Cross(ProjV[0],ProjV[3]);


line2 = Cross(ProjV[1],ProjV[2]);


IntersectV1 = Cross(Cross(ProjV[0],ProjV[3]),Cross(ProjV[1],ProjV[2]));


IntersectV2 = Cross(Cross(ProjV[0],ProjV[1]),Cross(ProjV[2],ProjV[3]));


InfLine = Normalize(Cross(IntersectV1,IntersectV2));


l1 = InfLine.x;


l2 = InfLine.y;


l3 = InfLine.z;


/****************************************


|
1

0
    0|


H = 
|
0

1
    0| 



|-(l1/l3)
 -(l2/l3)  
 1/l3|


*****************************************/


BYTE *pTR,*pTG,*pTB;


pTR = new BYTE[size];


pTG = new BYTE[size];


pTB = new BYTE[size];


memset(pTR,0,size);


memset(pTG,0,size);


memset(pTB,0,size);


for(i=0;i<height;i++)


{



for(j=0;j<width;j++)



{




double x,y,_x,_y;




x = (double)(j*2.13);




y = (double)(i*2.13);




_x = x/(-x*l1/l3-y*l2/l3+1/l3);




_y = y/(-x*l1/l3-y*l2/l3+1/l3);




if(_x<1 || _x>=(width-1) || _y<1 || _y>=(height-1))





continue;




long Oindex = (long)(i*width+j);




// interpolation




double fx,fy;




fx = floor(_x);




fy = floor(_y);




double r11,r12,r21,r22;




r11 = (fx+1-_x)*(fy+1-_y);




r12 = (_x-fx)*(fy+1-_y);




r21 = (fx+1-_x)*(_y-fy);




r22 = (_x-fx)*(_y-fy);




pTR[Oindex] = (BYTE)(pR[(long)fy*width+(long)fx]*r11+pR[(long)fy*width+(long)(fx+1)]*r12+pR[(long)(fy+1)*width+(long)fx]*r21+pR[(long)(fy+1)*width+(long)(fx+1)]*r22);




pTG[Oindex] = (BYTE)(pG[(long)fy*width+(long)fx]*r11+pG[(long)fy*width+(long)(fx+1)]*r12+pG[(long)(fy+1)*width+(long)fx]*r21+pG[(long)(fy+1)*width+(long)(fx+1)]*r22);




pTB[Oindex] = (BYTE)(pB[(long)fy*width+(long)fx]*r11+pB[(long)fy*width+(long)(fx+1)]*r12+pB[(long)(fy+1)*width+(long)fx]*r21+pB[(long)(fy+1)*width+(long)(fx+1)]*r22);



}


}


fclose(fp);


// write the image


fp = fopen("1-1.ppm","wb");


char str[3][40];


strcpy(str[0],"P6");


sprintf(str[1],"%d %d",width,height);


strcpy(str[2],"255");


BYTE ret = 10;


for(int t=0;t<3;t++)


{



int len = strlen(str[t]);



for(i=0;i<len;i++)




fwrite(&str[t][i],1,1,fp);



fwrite(&ret,1,1,fp);


}


for(i=0;i<size;i++)


{



fwrite(&pTR[i],1,1,fp);



fwrite(&pTG[i],1,1,fp);



fwrite(&pTB[i],1,1,fp);


}


fclose(fp);


return;

}
Problem 2

Choose two pairs of lines, whose angles formed by two lines are 90 degrees in the original picture.

On the image that purely projection distortion has been removed, the selected vertices are:

A(54,35,1), B(251,83,1), C(251,222,1)

A’(125,151,1), B’(156,129,1), C’(193,176,1)
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Two pairs of these perpendicular lines will be enough to solve 
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is used to generate distortion-free image.

Figure 3 is the generated distortion-free image.

Source Code

#include "stdio.h"

#include "conio.h"

#include "stdlib.h"

#include "windows.h"

#include "math.h"

#include "assert.h"

#ifndef EPS

#define EPS 0.0000001

#endif

struct Vector3

{


double x;


double y;


double z;

};

// cross product of two vectors

struct Vector3 Cross(struct Vector3 v1, struct Vector3 v2)

{


struct Vector3 v3;


v3.x = v1.y*v2.z - v1.z*v2.y;


v3.y = v1.z*v2.x - v1.x*v2.z;


v3.z = v1.x*v2.y - v1.y*v2.x;


return v3;

}

// normalizing the vector to make the third element equal to 1

struct Vector3 Normalize(struct Vector3 v)

{


Vector3 _v;


_v.x = v.x/v.z;


_v.y = v.y/v.z;


_v.z = 1;


return _v;

}

// Calculate the eigenvalues and normalized eigenvectors for a 2-by-2 matrix

void CalEigenV(Matrix m, double* eigenvalue1, double* eigenvalue2, Matrix* eigenvector1, Matrix* eigenvector2)

{


double a,b,c;


double root1,root2;


double item1,item2;


double length;


a = 1;


b = -(m(1,1)+m(2,2));


c = m(1,1)*m(2,2)-m(1,2)*m(2,1);


root1 = (-b+sqrt(b*b-4*a*c))/(2*a);


root2 = (-b-sqrt(b*b-4*a*c))/(2*a);


item1 = m(1,2);


item2 = -m(1,1)+root1;


length = sqrt(item1*item1+item2*item2);


(*eigenvector1)(1,1) = item1/length;


(*eigenvector1)(2,1) = item2/length;


item1 = m(1,2);


item2 = -m(1,1)+root2;


length = sqrt(item1*item1+item2*item2);


(*eigenvector2)(1,1) = item1/length;


(*eigenvector2)(2,1) = item2/length;


(*eigenvalue1) = root1;


(*eigenvalue2) = root2;


return;

}

// multiplicative of two 2-by-2 matrices

Matrix Multiply(Matrix m1,Matrix m2)

{


Matrix m = Matrix(2,2);


m(1,1) = m1(1,1)*m2(1,1) + m1(1,2)*m2(2,1);


m(1,2) = m1(1,1)*m2(1,2) + m1(1,2)*m2(2,2);


m(2,1) = m1(2,1)*m2(1,1) + m1(2,2)*m2(2,1);


m(2,2) = m1(2,1)*m2(1,2) + m1(2,2)*m2(2,2);


return m;

}

// transpose of 2-by-2 matrix

Matrix Transpose(Matrix m)

{


Matrix _m = Matrix(2,2);


_m(1,1) = m(1,1);


_m(1,2) = m(2,1);


_m(2,1) = m(1,2);


_m(2,2) = m(2,2);


return _m;

}

void main()

{


long i,j;


// Load the image


FILE *fp;


fp = fopen("5.ppm","rb");


if(fp==NULL)


{



printf("cannot open the 1.ppm\n");



return;


}


char pszbuff[1024];


int width,height,color;


fgets(pszbuff,1024,fp);


fscanf(fp,"%d %d\n",&width,&height);


fscanf(fp,"%d\n",&color);


BYTE *pR,*pG,*pB;


long size = width*height;


pR = new BYTE[size];


pG = new BYTE[size];


pB = new BYTE[size];


for(i=0;i<size;i++)


{



fread(&pR[i],sizeof(BYTE),1,fp);



fread(&pG[i],sizeof(BYTE),1,fp);



fread(&pB[i],sizeof(BYTE),1,fp);


}


fclose(fp);


// Calculate the matrix of transformation


struct Vector3 AngV1[3],AngV2[3];


struct Vector3 IntersectV1,IntersectV2;


struct Vector3 InfLine;


AngV1[0].x = 54;  AngV1[0].y = 35;  AngV1[0].z = 1; // A


AngV1[1].x = 251; AngV1[1].y = 83;  AngV1[1].z = 1; // B


AngV1[2].x = 251; AngV1[2].y = 222; AngV1[2].z = 1; // C


AngV2[0].x = 125; AngV2[0].y = 151; AngV2[0].z = 1; // A'


AngV2[1].x = 156; AngV2[1].y = 129; AngV2[1].z = 1; // B'


AngV2[2].x = 193; AngV2[2].y = 176; AngV2[2].z = 1; // C'


struct Vector3 l1,m1,l2,m2;


l1 = Cross(AngV1[0],AngV1[1]);


m1 = Cross(AngV1[2],AngV1[1]);


l2 = Cross(AngV2[0],AngV2[1]);


m2 = Cross(AngV2[2],AngV2[1]);


/**********************************************


[l1 l2] |s11  s12| |m1|    |0|


        |s12  1  | |m2| =  |0| 



**********************************************/


Matrix mc = Matrix(2,2);


Matrix invmc = Matrix(2,2);


double v[2];


mc(1,1) = m1.x*l1.x;


mc(1,2) = m1.x*l1.y+l1.x*m1.y;


mc(2,1) = m2.x*l2.x;


mc(2,2) = m2.x*l2.y+l2.x*m2.y;


v[0] = -m1.y*l1.y;


v[1] = -m2.y*l2.y;


double det = inv(mc,invmc);


if(fabs(det)<EPS)


{



printf("Matrix is singular.\n");



return;


}


double s11,s12;


s11 = invmc(1,1)*v[0]+invmc(1,2)*v[1];


s12 = invmc(2,1)*v[0]+invmc(2,2)*v[1];


Matrix AA = Matrix(2,2);


AA(1,1) = s11;


AA(1,2) = s12;


AA(2,1) = s12;


AA(2,2) = 1;


double I1,I2;                  // eigenvalues

Matrix IV1 = Matrix(2,1);      // eigenvectors  

Matrix IV2 = Matrix(2,1);


CalEigenV(AA,&I1,&I2,&IV1,&IV2);


Matrix D = Matrix(2,2);


Matrix U = Matrix(2,2);


D(1,1) = sqrt(I1);


D(2,2) = sqrt(I2);


D(1,2) = D(2,1) = 0;


U(1,1) = IV1(1,1);


U(2,1) = IV1(2,1);


U(1,2) = IV2(1,1);


U(2,2) = IV2(2,1);


Matrix A = Matrix(2,2);


A = Multiply(U,Multiply(D,Transpose(U)));


/********************************


Let T=0, then H = | A   0 |


                  | 0   1 |



********************************/


BYTE *pTR,*pTG,*pTB;


pTR = new BYTE[size];


pTG = new BYTE[size];


pTB = new BYTE[size];


memset(pTR,0,size);


memset(pTG,0,size);


memset(pTB,0,size);


for(i=0;i<height;i++)


{



for(j=0;j<width;j++)



{




double x,y,_x,_y;




x = (double)(j);




y = (double)(i);




_x = A(1,1)*x+A(1,2)*y;




_y = A(2,1)*x+A(2,2)*y;




if(_x<1 || _x>=(width-1) || _y<1 || _y>=(height-1))





continue;




long Oindex = (long)(i*width+j);




// interpolation




double fx,fy;




fx = floor(_x);




fy = floor(_y);




double r11,r12,r21,r22;




r11 = (fx+1-_x)*(fy+1-_y);




r12 = (_x-fx)*(fy+1-_y);




r21 = (fx+1-_x)*(_y-fy);




r22 = (_x-fx)*(_y-fy);




pTR[Oindex] = (BYTE)(pR[(long)fy*width+(long)fx]*r11+pR[(long)fy*width+(long)(fx+1)]*r12+pR[(long)(fy+1)*width+(long)fx]*r21+pR[(long)(fy+1)*width+(long)(fx+1)]*r22);




pTG[Oindex] = (BYTE)(pG[(long)fy*width+(long)fx]*r11+pG[(long)fy*width+(long)(fx+1)]*r12+pG[(long)(fy+1)*width+(long)fx]*r21+pG[(long)(fy+1)*width+(long)(fx+1)]*r22);




pTB[Oindex] = (BYTE)(pB[(long)fy*width+(long)fx]*r11+pB[(long)fy*width+(long)(fx+1)]*r12+pB[(long)(fy+1)*width+(long)fx]*r21+pB[(long)(fy+1)*width+(long)(fx+1)]*r22);



}


}


fclose(fp);


// write the image


fp = fopen("5-1.ppm","wb");


char str[3][40];


strcpy(str[0],"P6");


sprintf(str[1],"%d %d",width,height);


strcpy(str[2],"255");


BYTE ret = 10;


for(int t=0;t<3;t++)


{



int len = strlen(str[t]);



for(i=0;i<len;i++)




fwrite(&str[t][i],1,1,fp);



fwrite(&ret,1,1,fp);


}


for(i=0;i<size;i++)


{



fwrite(&pTR[i],1,1,fp);



fwrite(&pTG[i],1,1,fp);



fwrite(&pTB[i],1,1,fp);


}


fclose(fp);


return;

}
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