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1 Problem

The problem is to determine the homography which maps a point or line from
a plane in the world to the image plane
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where h33 has been set to 1 without loss of generality and �xi and �xw are in P3.
Four corresponding sets of coordinates in R2, (xi
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are provided.

2 Solution

Plugging one set of corresponding equations into 1 gives the relationship
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By carrying out the multiplication, dividing out the scale factor aw
k , and sim-

plifying we obtain two relationships
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Combining the equations resulting from all four correspondences into a matrix
equation gives the form
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This matrix equation can then be solved in openCV to give H.
To construct the corrected image, the goal is to set up a grid of evenly spaced

points in the world plane with each point representing one pixel in the corrected
image and then mapping this grid of points to the image using H. The extents
of the grid are determined by mapping the corners of the image plane to the
world plane using H−1. The smallest and largest xw’s and yw’s form the extents
of the grid. The spacing of the grid points is chosen to set the resolution of the
corrected image and the convention was chosen to preserve the width of the
original image with the height adjusting as necessary.

In general a grid point does not map to a particular pixel in the original
image so linear interpolation was used.

3 Results

8 pairs of original and corrected images are included at the end after the code.

4 Code

#include ”cv . h”
#include ” h ighgu i . h”
#include <s t d i o . h>
#include <s t d l i b . h>

// u t i l i t y func t i on which p r i n t s out a matrix
void pr intMatr ix (CvMat∗ M, int rows , int co l s , const char∗ name)
{

int i n d e n t s i z e ;
int i , j ;

// pr in t the matrix name
i n d e n t s i z e = p r i n t f ( ”%s = ” , name) ;

// pr in t out the matrix
for ( i =0; i<rows ; i++)
{

// s t a r t o f a row
p r i n t f ( ” [ ” ) ;
for ( j =0; j<c o l s ; j++)
{

i f ( j >0)
p r i n t f ( ” , ” ) ;

p r i n t f ( ”%11.5 l g ” , cvmGet(M, i , j ) ) ;
}
p r i n t f ( ” ]\n” ) ;

// indent the next l i n e
for ( j =0; j<i n d e n t s i z e ; j++)
{

p r i n t f ( ” ” ) ;
}

}
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p r i n t f ( ”\n” ) ;
}

// main funct ion , reads in an image f i l e and corresponding
// coord ina te s and computes a p e r s p e c t i v e cor rec t ed image
int main ( int argc , char∗∗ argv )
{

char∗ f i l ename ;

IplImage ∗ image ;
IplImage ∗ co r r ec t ed image ;
CvMat∗ H;
CvMat∗ invH ;

int i , j , k ;
double xw [ 4 ] ;
double yw [ 4 ] ;
double x i [ 4 ] ;
double y i [ 4 ] ;

// attempt to read in the image f i l e
i f ( argc >= 2)
{

f i l ename = argv [ 1 ] ;
}
else
{ cvReleaseImage(&image ) ;

p r i n t f ( ”Usage : hw1 f i l ename ” ) ;
return 1 ;

}
i f ( ( image = cvLoadImage ( f i l ename , 1 ) ) == 0)
{

p r i n t f ( ”Could not read the f i l e ! ” ) ;
return 2 ;

}

// read user input o f the corresponding coord ina te s in the
// world and image
for ( i =0; i <4; i++)
{

p r i n t f ( ”Enter world coord ina te %d as x , y : ” , i ) ;
s can f ( ”%l f ,% l f ” ,xw+i , yw+i ) ;
p r i n t f ( ”Enter image coord ina te %d as x , y : ” , i ) ;
s can f ( ”%l f ,% l f ” , x i+i , y i+i ) ;

}
p r i n t f ( ”\n” ) ;

// s e t up the problem as a matrix equat ion
double s o l ma t r i x [ 6 4 ] ;
double s o l v e c t o r [ 8 ] ;
for ( i =0; i <4; i++)
{

s o l ma t r i x [ 2∗ i ∗8+0] = x i [ i ] ;
s o l ma t r i x [ 2∗ i ∗8+1] = y i [ i ] ;
s o l ma t r i x [ 2∗ i ∗8+2] = 1 ;
s o l ma t r i x [ 2∗ i ∗8+3] = 0 ;
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s o l ma t r i x [ 2∗ i ∗8+4] = 0 ;
s o l ma t r i x [ 2∗ i ∗8+5] = 0 ;
s o l ma t r i x [ 2∗ i ∗8+6] = −xw [ i ]∗ x i [ i ] ;
s o l ma t r i x [ 2∗ i ∗8+7] = −xw [ i ]∗ y i [ i ] ;

s o l ma t r i x [ ( 2∗ i +1)∗8+0] = 0 ;
s o l ma t r i x [ ( 2∗ i +1)∗8+1] = 0 ;
s o l ma t r i x [ ( 2∗ i +1)∗8+2] = 0 ;
s o l ma t r i x [ ( 2∗ i +1)∗8+3] = x i [ i ] ;
s o l ma t r i x [ ( 2∗ i +1)∗8+4] = y i [ i ] ;
s o l ma t r i x [ ( 2∗ i +1)∗8+5] = 1 ;
s o l ma t r i x [ ( 2∗ i +1)∗8+6] = −yw [ i ]∗ x i [ i ] ;
s o l ma t r i x [ ( 2∗ i +1)∗8+7] = −yw [ i ]∗ y i [ i ] ;

s o l v e c t o r [ 2∗ i ] = xw [ i ] ;
s o l v e c t o r [ 2∗ i +1] = yw [ i ] ;

}

// s o l v e the problem and copy the s o l u t i on in to invH
CvMat∗ temp = cvCreateMat (8 , 1 ,CV 64FC1) ;
invH = cvCreateMat (3 , 3 ,CV 64FC1) ;
CvMat A;
CvMat B;
cvInitMatHeader(&A,8 , 8 ,CV 64FC1 , so l mat r ix ,CV AUTOSTEP) ;
cvInitMatHeader(&B, 8 , 1 ,CV 64FC1 , s o l v e c t o r ,CV AUTOSTEP) ;
cvSolve(&A, &B, temp , CV LU) ;
for ( i =0; i <8; i++)
{

cvmSet ( invH , i /3 , i %3,cvmGet( temp , i , 0 ) ) ;
}
cvmSet ( invH , 2 , 2 , 1 . 0 ) ;
cvReleaseMat(&temp) ;

// ge t H from Hˆ−1
H = cvCreateMat (3 , 3 ,CV 64FC1) ;
cv Inver t ( invH ,H,CV LU) ;

// d i s p l a y H and Hˆ−1
pr intMatr ix ( invH , 3 , 3 , ”Hˆ−1” ) ;
pr intMatr ix (H, 3 , 3 , ”H” ) ;

// we need to determine the rea l−world bounds t ha t the
// image rep re s en t s
double max x = −1.0 e100 ;
double max y = −1.0 e100 ;
double min x = 1 .0 e100 ;
double min y = 1 .0 e100 ;
CvMat∗ wor ld coord = cvCreateMat (3 , 4 ,CV 64FC1) ;
CvMat∗ image coord = cvCreateMat (3 , 4 ,CV 64FC1) ;

// p ick some r ep r e s en t a t i v e image coord ina te s
cvmSet ( image coord , 0 , 0 , 0 ) ;
cvmSet ( image coord , 1 , 0 , 0 ) ;
cvmSet ( image coord , 2 , 0 , 1 ) ;

cvmSet ( image coord , 0 , 1 , 0 ) ;
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cvmSet ( image coord , 1 , 1 , image−>height −1) ;
cvmSet ( image coord , 2 , 1 , 1 ) ;

cvmSet ( image coord , 0 , 2 , image−>width−1) ;
cvmSet ( image coord , 1 , 2 , 0 ) ;
cvmSet ( image coord , 2 , 2 , 1 ) ;

cvmSet ( image coord , 0 , 3 , image−>width−1) ;
cvmSet ( image coord , 1 , 3 , image−>height −1) ;
cvmSet ( image coord , 2 , 3 , 1 ) ;

// app ly Hˆ−1 to ge t the corresponding world coord ina te s
cvMatMul ( invH , image coord , wor ld coord ) ;

// now check the bounds
for ( i =0; i <4; i++)
{

double w = cvmGet( world coord , 2 , i ) ;
double r e a l x = cvmGet( world coord , 0 , i ) /w;
double r e a l y = cvmGet( world coord , 1 , i ) /w;

i f ( r e a l x < min x )
min x = r e a l x ;

i f ( r e a l y < min y )
min y = r e a l y ;

i f ( r e a l x > max x )
max x = r e a l x ;

i f ( r e a l y > max y )
max y = r e a l y ;

}

// determine the co r r e c t s i z e f o r the new image assuming tha t
// the new width shou ld match the o ld width
double s c a l e f a c t o r = ( (double ) ( image−>width ) ) /(max x−min x ) ;
int new height = ( int ) ( ( max y−min y ) ∗ s c a l e f a c t o r ) ;
co r r e c t ed image = cvCreateImage ( cvS i ze ( image−>width , new height ) ,

IPL DEPTH 8U , 3) ;
cvZero ( co r r ec t ed image ) ;

// compute the new image by app l y ing H to a gr i d o f po in t s in
// the world coord inate system
double s t e p s i z e = 1 .0/ s c a l e f a c t o r ;
CvMat∗ i nput coord = cvCreateMat (3 , 1 ,CV 64FC1) ;
CvMat∗ output coord = cvCreateMat (3 , 1 ,CV 64FC1) ;
cvmSet ( input coord , 2 , 0 , 1 . 0 ) ;
for ( i =0; i<corrected image−>width ; i++)
{

cvmSet ( input coord , 0 , 0 , ( ( double ) i ) ∗ s t e p s i z e+min x ) ;
for ( j =0; j<corrected image−>he ight ; j++)
{

double xi , yi , fx , fy ;
cvmSet ( input coord , 1 , 0 , ( ( double ) j ) ∗ s t e p s i z e+min y ) ;

// compute the a s soc i a t ed image coord inate
cvMatMul (H, input coord , output coord ) ;
x i = cvmGet( output coord , 0 , 0 ) /cvmGet( output coord , 2 , 0 ) ;
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y i = cvmGet( output coord , 1 , 0 ) /cvmGet( output coord , 2 , 0 ) ;

// i f ou t s i d e o f the image then move on
i f ( xi <0 | | yi <0 | | xi>=(image−>width−1) | | yi>=(image−>height

−1) )
{

continue ;
}

// compute the f r a c t i o n a l component o f the image coord .
fx = x i − ( int ) x i ;
fy = y i − ( int ) y i ;

// compute the p i x e l va lue us ing l i n e a r i n t e r p o l a t i o n
for ( k=0;k<3;k++)
{

double value = 0 ;
va lue += (1.0− fx ) ∗(1.0− fy ) ∗ ( ( uchar ∗) ( image−>imageData +

image−>widthStep ∗( int ) y i ) ) [ ( ( int ) x i )∗3+k ] ;
va lue += (1.0− fx ) ∗ fy ∗ ( ( uchar ∗) ( image−>imageData + image

−>widthStep ∗( int ) ( y i+1) ) ) [ ( ( int ) x i )∗3+k ] ;
va lue += fx ∗(1.0− fy ) ∗ ( ( uchar ∗) ( image−>imageData + image

−>widthStep ∗( int ) y i ) ) [ ( ( int ) ( x i+1) )∗3+k ] ;
va lue += fx ∗ fy ∗ ( ( uchar ∗) ( image−>imageData + image−>

widthStep ∗( int ) ( y i+1) ) ) [ ( ( int ) ( x i+1) )∗3+k ] ;
( ( uchar ∗) ( cor rected image−>imageData + corrected image−>

widthStep∗ j ) ) [ i ∗3+k ] = value ;
}

}
}

// save correc t ed image
char new f i lename [ 1 2 8 ] ;
s p r i n t f ( new fi lename , ”%s . c o r r e c t ed . png” , f i l ename ) ;
cvSaveImage ( new fi lename , co r r e c t ed image ) ;

// cleanup
cvReleaseImage(&image ) ;
cvReleaseImage(&cor r ec t ed image ) ;
cvReleaseMat(&H) ;
cvReleaseMat(&invH ) ;
cvReleaseMat(&wor ld coord ) ;
cvReleaseMat(&image coord ) ;
cvReleaseMat(& input coord ) ;
cvReleaseMat(&output coord ) ;

return 0 ;

}
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Figure 1: adams01

Figure 2: adams01.corrected
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Figure 3: adams03

Figure 4: adams03.corrected
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Figure 5: board01

Figure 6: board01.corrected
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Figure 7: door01

Figure 8: door01.corrected
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Figure 9: bricks

Figure 10: bricks.corrected
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Figure 11: clock

Figure 12: clock.corrected
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Figure 13: mailboxes

Figure 14: mailboxes.corrected
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Figure 15: piano

Figure 16: piano.corrected
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