HW2: 2D Homography

J. Zapt

|. PROBLEM STATEMENT

The objective of this homework is to eliminate the projeetdistortion in an image of a planar

scene using two differnt methods.

1) A two-step method. First the projective distortion is mmd using two sets of parallel
lines. Once the projective distortion is removed, only tiffetn@ distortion remains. The
affine distortion is removed using two sets of orthogonatdin

2) A single-step method. Five sets of orthogonal lines aexlus determine the dual conic
C’%. The homography is then determined via a decompositiof’pf

[I. SOLUTION
A. 2-Step Method

In the 2-step method, we first remove the projective distarfrom the image by using two
sets of parallel lines. In all the example images, theretgxeveral rectangular shapes. Thus
we compute two sets of parallel lines from the points of a Isimgctangle. In the physical
world, parallel lines intersect at the line at infinity,. In the image space, however, parallel
lines intersect at finite points due to the projective defation. The line joining the points of
intersection of two sets of parallel lines is called the saimg line,l, = (I1, (>, [3). The image
is corrected for projective distortion via the homographgttsends the vanishing lidg back
to I... This homography is given by

100
H'=10 1 0. 1)
Loy s
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Once the projective distortion has been removed, we must thi@ove the affine distortion.
To this end, we note that the anglebetween two lineg andm in the undistorted image can

be expressed in terms of the projected lidfeand m’ as

cos B oc I'T H,C* H ym! 2)

=UTClm, (3)

where H 4, represents an affine homogeneous transformation of the form

At
Hy = . 4)
0" 1
Note in particular that i) = 7/2,
I'"Clm’ = 0. (5)
Now the dual conia”’; has the form
S 0
% = : (6)
0" 0

whereS = KK . The orthogonality condition thus reduces to
(lymy, lymy + lymy, lymy)s = 0, (7)

wheres = (s11, 512, 522) | . The matrixS is symmetric and homogeneous. Thus it has two degrees
of freedom and two orthogonal line pairs can be used to coephg null vectors. After
determiningS, an SVD is used to determing€ and subsequently 4. Finally, the homography
used to eliminate both projective and affine distortion \egiby H = HpH 4.

B. 2-Sep Method
It is possible to use the dual coni¢; to eliminate both projective and affine distortion. In

this case, the homogeneous transformation takes the ¢doera

"o K 0 ®)
le.
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Thus, the dual coni€”} takes the form

KK'" Kv

Ot =HC* H' =
v KT ool

9)

Furthermore, the orthogonality condition becomes
(lhma, (Iymg 4 lamy) /2, lymy, (lims + l3my) /2, (loms + [3my) /2, Isms) ¢ = 0, (10)

wheres = (a,b,c,d,e, f)" are the parameters of the dual coui¢ . Stacking five such con-
straints from five sets of orthogonal lines, we compute th# wector c¢. To solve for the
homographyH, we first perform an SVD to determing as we did in the previous method.
OnceK is determined, we can then solve the null-space equdtion- 0. Finally, we compute
the homographyd from K andwv.

C. Removing Distortion

The pixel array size for most of the images used in this homlewas 600 x 800. Thus, the

bounding corners of each of these images, as defined in thgeim@ordinate system, are

0 799 799 0
0l,] 0 |.,]599],]599|;¢- (11)
1 1 1 1

To compute the corresponding bounds in the undistorted emag simply multiply by the
inverse homography, i.¢7~!. Once these bounds are found, we define a grid on the uneéidtort
image. Finally, to determine the pixel intensities of thereoted image, we multiply each of
the grid coordinates in the undistorted image by thenatrix to determine their corresponding
pixel locations in the distorted image. A simple correspank is thus established between grid
locations in the undistorted image and pixel intensitiethim original image.
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I1l. 2-STEP METHOD RESULTS

Fig. 1. adamsO01 original

Fig. 2. adams01 projective correction
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Fig. 3. adams01 affine correction

Fig. 4. adams02 original
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Fig. 5. adams02 projective correction

Fig. 6. adams02 affine correction
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Fig. 7. board01 original

Fig. 8. board01 projective correction
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Fig. 9. board01 affine correction

Fig. 10. door01 original
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Fig. 11. door01 projective correction

Fig. 12. door01 affine correction
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Fig. 13. book original

Fig. 14. book projective correction
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Fig. 15. book affine correction

Fig. 16. calib original
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Fig. 17. calib projective correction

Fig. 18. calib affine correction
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IV. 1-STEP METHOD RESULTS

Fig. 19. adams01 original

Fig. 20. adams01 corrected
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Fig. 21. adams02 original

Fig. 22. adams02 corrected
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Fig. 23. board01 original

Fig. 24. board01 corrected
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Fig. 25. door01 original

Fig. 26. door01 corrected
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Fig. 27. book original

Fig. 28. book corrected
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Fig. 29. calib original

Fig. 30. calib corrected
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V. C CODE FOR2-STEP METHOD

| *

* main.c

*

* Created on: Sep 20, 2010
* Aut hor: jj zapf

*/

#i ncl ude <opencv/cv. h>
#i ncl ude <opencv/ hi ghgui . h>

19

B e e
/1 structure for storing i mage data
B e e
struct frame {

| pl I mage= i mage;

Cvat * dat a;

i nt npPts;
1
R R e

voi d nmouse_cal | back(int event, int x, int y, int flags,

{

struct framex nyPi c (struct framex) param

static int pt Cnt 0;
int X2, y2;
CvPoi nt poi nt A;
CvPoi nt poi nt B;
swi tch(event)

{

case CV_EVENT_LBUTTONDOVN:
{

if (ptCnt < nyPic->nPts) {
poi nt A = cvPoint(X,y);

voi d* param

cvCrcl e(nyPic-> mage, pointA 5, CV_RGB(255,0,0), 1, 8, 0);

if (ptCnt > 0 & ptCnt < 4) {

x2 = (int)(cvmGet (nmyPi c->data, 0, ptCnt-1));
y2 = (int)(cvmGet (nyPic->data, 1, ptCnt-1));

poi nt B = cvPoi nt (x2,y2);

cvLi ne(nyPi c->i mage , pointA , pointB, CV_RGB(0,255,0),

CV_AA 0);
}
if (ptCnt == 3) {
x2 = (int)(cvnmGet (nyPic->data, O,
y2 = (int)(cvmGet (nyPi c->data, 1,
poi nt B = cvPoi nt (x2,y2);

0));
0));

cvLi ne(nyPi c->i mage , pointA , pointB, CV_RGB(0,255,0),

CV_AA, 0);
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}

if (ptCnt > 4 && ptCnt < 6) {
x2 = (int)(cvnmCet (nmyPi c- >dat a,
y2 = (int)(cvmGet (nyPi c->dat a,
poi nt B = cvPoi nt (x2,y2);

0, ptCnt-1));
1, ptCnt-1));

20

cvLi ne(nyPi c->i mage , pointA , pointB, CV_RGB(0,255,0), 5,
CV_AA, 0);
}
if (ptCnt > 6) {
x2 = (int)(cvmGet(nyPic->data, 0, ptCnt-1));
y2 = (int)(cvmGet (nyPic->data, 1, ptCnt-1));
poi nt B = cvPoi nt (x2,y2);
cvLi ne(nyPi c->i mage , pointA , pointB, CV_RGB(0,255,0), 5,
CV_AA 0);
}
cvShowl nage ("distorted image", nyPic->i nage);
cvnBSet (nyPi c->data, 0, ptCnt, X);
cvnBSet (nyPi c->data, 1, ptCnt, y);
pt Cnt = ptCnt +1;
}
}
}
}
L e LR PR
/1 prints a matrix
L I e
void PrintMat (Cviat* M int rows, int cols)
{
int i, j;
for(i = 0; i <rows; i++) {
printf("( ");
for (j =0; j <cols; j++) {
printf("9%5.4f", cvnGet(Mi,j));
}
printf(" )\'n");
}
}
L e LR PR
/1 conputes the points of intersection with the infinite line
L
void line_intersect(int nLine ,CvMatx LINES, CviMatx* pt)
{
Cvivat* I nl = cvCreateMat (3, 1, CV_64F);
CvMat* | n2 = cvCreateMat (3, 1, CV_64F);
swi tch (nLine)
{
case 0:
{
cvnBet (I n1, 0, 0, cvnet(LINES,O,3));
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{

cvnBet (I nl,
cvnSet (I nl,
cvnSet (I n2,
cvnset (I n2,
cvnset (I n2,

cvCrossProduct (I n1,

br eak;

}

case 1:

{
cvnBet (I nl,
cvnSet (I nl,
cvnSet (I nl,
cvnset (I n2,
cvnset (I n2,
cvnset (I n2,

cvCrossProduct (I n1,

br eak;

}

case 2:

{
cvnBet (I nl,
cvnSet (I nl,
cvnSet (I nl,
cvnSet (I n2,
cvnBet (I n2,
cvnBet (I n2,

cvCrossProduct (I n1,

br eak;

}

case 3:

{
cvnBet (I nl,
cvnBet (I nl,
cvnBet (I nl,
cvnBet (I n2,
cvnBet (I n2,
cvnBet (I n2,

cvCrossProduct (I n1,

br eak;

CvMat * i Cor ners
Cviat » wCor ner s

cvnBet (i Cor ners,

September 21, 2010
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PONPRO

2,

O O OO0

On

coooo

On

coooo

On

coooo

0,

cvmGet (LI NES, 1,
cvnGet (LI NES, 2,
cvnGet (LI NES, 0,
cvmGet (LI NES, 1,
cviGet (LI NES, 2,

I n2, pt);

cvmCet (LI NES, 0O,

cvmCet (LI NES, 1,

cvmCet (LI NES, 2,

cvmCet (LI NES, O,

cvmCet (LI NES, 1,

cvmCet (LI NES, 2,
I n2, pt);

cvmGet (LI NES, 0,
cvmGet (LI NES, 1,
cvnGet (LI NES, 2,
cvnGet (LI NES, 0,
cvmGet (LI NES, 1,
cviGet (LI NES, 2,

In2, pt);

cvmGet (LI NES, 0,
cviGet (LI NES, 1,
cviGet (LI NES, 2,
cvmGet (LI NES, 0,
cvmGet (LI NES, 1,
cviGet (LI NES, 2,

In2, pt);

i nt hei

cvCreateMat (3, 4,
cvCreateMat (3, 4,

0, 0, 0);

3));
3));
1));
1));
1))

1
1
1
3
3
3

— N N N N

)
)
)
)
)
)

2));
2));
2));
0));
0));
0));

ght, int width, CviMat=* bounds)

CV_64F);
CV_64F);
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cvntSet (i Corners, 1, 0, 0);
cvnBet (i Corners, 2, 0, 1);

cvnBet (i Corners, 0, 1, width-1);
cvntSet (i Corners, 1, 1, 0);
cvntet (i Corners, 2, 1, 1);

cvnBet (i Corners, 0, 2, width-1);
cvnBet (i Corners, 1, 2, height-1);
cvnBet (i Corners, 2, 2, 1);

cvnBet (i Corners, 0, 3, 0);
cvnBet (i Corners, 1, 3, height-1);
cvnBet (i Corners, 2, 3, 1);

cvMat Mul (Hi nv, i Corners, wCorners);

doubl e xM nA
doubl e xM nB
doubl e xMaxA
doubl e xMaxB

cvntet (wCor ners, 0, 0) / cvnieet (wCor ners, 2, 0) ;
cvntet (wCor ners, 0, 3)/ cvnieet (wCor ners, 2, 3) ;
cvntet (wCor ners, 0, 1) / cvneet (wCor ners, 2, 1) ;
cvntet (wCor ners, 0, 2) / cvneet (wCor ners, 2, 2) ;

doubl e yM nA = cvnGet (wCor ners, 1, 0)/ cvnGet (wCor ners, 2, 0);

doubl e yM nB = cvnet (wCorners, 1, 1)/ cvnGet (wCorners, 2, 1) ;
doubl e yMaxA = cvnGet (wCor ners, 1, 2)/ cvnGet (wCor ners, 2, 2);
doubl e yMaxB = cvnet (wCor ner s, 1, 3) / cvntet (wCor ners, 2, 3);

double XM n = xM nA,

doubl e xMax = xMaxA,

if (xMnB < xMn)
xM n = xM nB;

i f (xMaxB > xMax)
xMax = xMaxB;

double yMn yM nA;

doubl e yMax yMaxA;

if (yMnB < yMn)
yMn = yM nB;

if (yMaxB > yMax)
yMax = yMaxB;

cvnBet (bounds, 0, 0, xM n);
cvnBet (bounds, 0, 1, xMax) ;
cvnBet (bounds, 0, 2, yM n);
cvnBet (bounds, 0, 3, yMax) ;

int main(int argc, char xargv[])

i nt i, j, flag;
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i nt nPts = 8;

char i nFi | e[ 256] ;
char out Fi | eA] 256] ;
char out Fi | eB[ 256] ;
doubl e temp, tnp2;
struct frane nmyPic = {0,

| *
spri
spri
spri
*/

my Pi
if (
}

cvNanedW ndow( "di storted i nage",
cvSet MouseCal | back("di storted i nage",

intf(inFile,
intf(outFileA
intf(outFileB,

intf(inFile,
intf(outFileA
intf(outFileB,

intf(inFile,
intf(outFileA,
intf(outFileB,

intf(inFile,
intf(outFileA,
intf(outFileB,

intf(inFile,
intf(outFileA,
intf(outFileB,

ntf(inFile,
ntf (outFileA,
ntf (outFileB,

c.imge = cvLoadl mage(inFil e,

'i mges/ adans

"i mages/ adans

'i mges/ adans

"i mages/ adamns

"i mages/ door 0

"i mages/ door 0

"i mages/ board

"i mages/ board

cvCreateMat (2, nPts, CV_64F),

"i mages/ adans01. j pg");

01P.j pg");
01A.j pg");

i n"ages/ adans02.j pg");

02P.j pg");
02A.] pg");

i n"ages/ door 01.j pg");

1P.j pg");
1A.jpg");

" n’ages/ boar d01. j pg");

01P. j pg");
01A.j pg");

i n"ages/ book. j pg");

"i mages/ bookP. j pg");

"images/calib.jpg"
"images/calib
"images/calib

"i mages/ bookA. j pg");

P.]
A ]

CV_LOAD_| MAGE_ANYCOLOR) ;

myPi c. i nage ==

printf("Cannot

0) {

|load file .

cvShow mage("di storted i nage",
cvWai t Key(0);

September 21, 2010

myPi c. i mage) ;

\n", inFile);

CV_W NDOW AUTCSI ZE) ;
nouse_cal | back,

nPt s};

CV_LOAD | MAGE_ANYDEPTH |

(voi d*) &myPic);
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cvDest royW ndow( "di storted i mage");
cvRel easel mage( &yPi c. i nage) ;

I pl l mage* inage = cvLoadl mage(i nFil e,
CV_LQOAD | MAGE_ANYCOLOR) ;
if (image == 0) {

CV_LOAD_ | MAGE_ANYDEPTH |

printf("Cannot load file %.\n", inFile);

}

e e e
/1l creates the point and Iine matrices

L e e T R T R
Cvivat* ptl = cvCreateMat (3, 1, CV_64F);

Cviat* pt2 = cvCreateMat (3, 1, CV_64F);

CvMat* line = cvCreateMat (3, 1, CV_64F);

CviMat * dist = cvCreateMat (1, 4, CV_64F);

CvMat » LINES = cvCreatehat (3, 6, CV_64F);

cvnBet (ptl, 2, 0, 1.0);
cvnBet (pt2, 2, 0, 1.0);

for (j =0; j <4, j++) {
it () ==3) {
cvnBet (ptl, 0, 0, cvmGet(myPic.data,O,3));
cvnBet (ptl, 1, 0, cvmGet(myPic.data,1,3));
cvnSet (pt2, 0, 0, cvnGet(nyPic.data,0,0));
cvnSet (pt2, 1, 0, cvnGet(nmyPic.data,1,0));
}
el se
{
cvnBet (ptl, 0, 0, cvmGet(myPic.data,0,j));
cvnSet (ptl, 1, O, cvnGet(nmyPic.data,1,j));
cvnBSet (pt2, 0, 0, cvnGet(nyPic.data,O0,j+1));
cvnBet (pt2, 1, 0, cvnGet(nyPic.data,1,j+1))
}
cvCrossProduct (ptl, pt2, line);
tenp = 0.0;
for (i =0; i <3; i++) {
cvnSet (LINES, i, j, cvnCet(line,i,0));
temp = tenp+pow(cvniet (pt2,i,0)-cvmet(ptl,i,0), 2);
}
cvnBet (dist, 0, j, tenp);
}
e e e
/1 conputes the lines of the X
e e e
cvnBet (ptl, O, 0, cvnGet(nyPic.data,O0,4));
cvnBet (ptl, 1, 0, cvnGet(nyPic.data,l1,4));
cvnBet (pt2, 0, 0, cvnGet(nyPic.data,0,5));
cvnBet (pt2, 1, 0, cvnet(nyPic.data,1,5));
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cvCrossProduct (ptl, pt2, line);
for (i =0; i <3; i++) {

cvnBet (LINES, i, 4, cvnGet(line,i,0));
}

cvnBet (ptl, 0, 0, cvntet(nyPic.data,O0,6));
cvnBet (ptl, 1, 0, cvnGet(nyPic.data,l1,6));
cvnBet (pt2, 0, 0, cvnGet(nyPic.data,0,7));
cvnBet (pt2, 1, 0, cvnGet(nyPic.data,1,7));
cvCrossProduct (ptl, pt2, line);

for (i =0; i <3; i++) {

cvnBet (LINES, i, 5, cvnGet(line,i,0));
}
e e
/1 finds the shortest line in the rectangle
e e
int nl1 = 0;
int n2 = 0;

tenmp = cvntet(dist, 0, 0);
for (j =1; j < 4; j++) {
if (cvnGet(dist, 0, j) < tenp) {
tenmp = cvntGet (dist, 0, j);

nl =j;
}
}
switch (nl)
{
case O:
{
if (cvmGet(dist,0,1) < cvnet(dist,O0,3))
n2 = 1,
el se
n2 = 3;
br eak;
}
case 1:
{
if (cvnGet(dist,0,2) < cvnGet(dist,0,0))
n2 = 2;
el se
n2 = 0;
br eak;
}
case 2:
{
if (cvmGet(dist,0,3) < cvnGet(dist,0,1))
n2 = 3;
el se
n2 = 1,
br eak;
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}
case 3:
{
if (cvmGet(dist,0,0) < cvnet(dist,O0,2))
n2 = 0;
el se
n2 = 2,
br eak;
}
}
R e
/1 conputes the points of intersection with the infinite line
R e
line_intersect(nl, LINES, ptl);
line_intersect(n2, LINES, pt2);
e e e
/'l conputes the vanishing |line
e e T

cvCrossProduct (ptl, pt2, line);

cvnbet (Iine, 0,0, cvnmet(line,0,0)/cvntet(line,2,0));
cvnBet (line, 1,0, cvnet(line,1,0)/cvntet(line, 2,0));
cvnBet (line, 2,0,1.0);

Cvivat* HP = cvCreatehMat (3, 3, CV_64F);
Cvivat* HPinv = cvCreateMat (3, 3, CV_64F);

cvZer o( HPi nv) ;
cvnBet ( HPi nv,
cvnBet ( HPi nv,
cvnBet ( HPi nv,
cvnBet ( HPi nv,
cvnBet ( HPi nv,

, 1.0);
1.0);
cvniet (line, 0, 0))
cvntet (line, 1, 0));
cvntet (line, 2, 0))

NNNBRO
NP OPRO

cvZero( HP);

cvnBet (HP, 0, 0, 1.0);

cvnBet (HP, 1, 1, 1.0);

cvnBet (HP, 2, 0, -cvntet(line,0,0)/cvmet(line,2,0));
cvnBet (HP, 2, 1, -cvntet(line,1,0)/cvmet(line, 2,0));
cvnBet (HP, 2, 2, 1.0/cvntet(line, 2,0));

cvNornmal i ze(HP, HP, 1, O, CV_L2, NULL);
cvNormal i ze(HPi nv, HPinv, 1, 0, CV_L2, NULL);

for (i =0; i <3; i++) {
for (j =0; j <3; j++) {
cvnSet (HPinv, i, j, cvmGet(HPinv,i,j)/cvmet(HPinv, 2,2));
cvnet (HP, i, j, cvmGet(HP,i,j)/cvmCet (HP, 2, 2));
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Cviat * HPT = cvCreateiMat (3, 3, CV_64F);
cvTranspose( HP, HPT) ;
cvMat Mul ( HPT, LI NES, LI NES) ;

Cvivat* A = cvCreateMat (2, 3, CV_64F);

double I'1, 12, 13;
double mL, nR, nB;

cvinGet (LI NES, 0, 0) / cviGet (LI NES, 2, 0) ;
cvinGet (LI NES, 1, 0) / cviGet (LI NES, 2, 0) ;
cvmGet (LI NES, 0, 1)/ cvmGet (LI NES, 2, 1) ;
cvimGet (LI NES, 1, 1)/ cvmGet (LI NES, 2, 1) ;

A= UN

cvnSet (A, 0, 0, |1+ml);
cvnBet (A, 0, 1, |1+xnR+l2+ml);
cvnBet (A, 0, 2, |2+nR);

cvnGet (LI NES, 0, 4) / cviGet (LI NES, 2, 4) ;
cvnGet (LI NES, 1, 4) / cviGet (LI NES, 2, 4) ;
cvnGet (LI NES, 0, 5) / cviGet ( LI NES, 2, 5) ;
cvnGet (LI NES, 1, 5) / cviGet ( LI NES, 2, 5) ;

N -

==

cvimBet (A, 1, 0, [1+ml);
cvnBet (A, 1, 1, | 1+xnmR+l2+ml);
cvnBet (A, 1, 2, |2+xnR);

Cvivat* V = cvCreateMat (3, 3, CV_64F);
Cvivat* W= cvCreateMat (2, 3, CV_64F);
cvSVD(A, W NULL, V, 0);

CvMWat* S = cvCreateMat (2, 2, CV_64F);

cvnmBet (S, 0, 0, cvntzet(V,0,2));

cvnmBet (S, 0, 1, cvntet(V,1,2));

cvnBet (S, 1, 0, cvntet(V,1,2));

cvnBet (S, 1, 1, cvnet(V, 2,2));
e e
/1l conputes the K matrix

e e T R T R

Cvivat* U = cvCreateMat (2, 2, CV_64F);
Cvivat* D2 = cvCreatehMat (2, 2, CV_64F);
Cvivat* D = cvCreateMat (2, 2, CV_64F);
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Cvivat* UD = cvCreatehat (2, 2, CV_64F);
Cvivat* K = cvCreateMat (2, 2, CV_64F);

cvSVD(S, D2, U, NULL, 0);

cvPow( D2, D, 0.5);

cvivat Ml (U, D, UD);

cvGEMM UD, U, 1.0, NULL, 0, K, CV_CEMM B T);

Cvivat* HA = cvCreatehMat (3, 3, CV_64F);
Cvivat* HAinv = cvCreateMat (3, 3, CV_64F);
cvZero(HA);
for (i =0; i <2; i++) {

for (j =0; j <2; j++) {

cvnBet (HA, i, j, cvnGet (K, i, j));

}

}

cvnBet (HA, 2, 2, 1.0);

cvNormal i ze(HA, HA, 1, 0, CV_L2, NULL);
cvlnvert (HA, HAinv, CV_LU);

cvNornal i ze(HAI nv, HAinv, 1, 0, CV_L2, NULL);

for (i =0; i <3; i++) {
for (j =0; j <3; j++) {
cvnBet (HAinv, i, j, cvmGet(HAIinv,i,j)/cvnet (HA nv, 2,2));
cvimBet (HA, i, j, cvnGet(HAi,j)/cvnGet (HA 2,2));

}
}
e e
/1 conputes the honography for renoving all the distortion
R R T T

Cvivat* H = cvCreateMat (3, 3, CV_64F);
CviMat* Hinv = cvCreateMat (3, 3, CV_64F);
cvivat Mul (HP, HA, H);

cviMat Mul (HAI nv, HPinv, Hinv);

CviMat * bounds = cvCreateMat (1, 4, CV_64F);
comput e_bounds( HPi nv, i mage->hei ght, inage->w dth, bounds);
double xM n cvntet (bounds, 0, 0);

doubl e xMax = cvntet (bounds, 0, 1) ;
doubl e yM n = cvnCet (bounds, 0, 2);
doubl e yMax = cvnCet (bounds, 0, 3);

doubl e scal e factor = ((double) (i mage->wi dt h))/ (xMax-xM n);
int new height = (int)((yMax-yMn)«(scale factor));
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/1l  renoves projective distortion fromthe inmage

I pl I mage *pl mage = cvCreat el nage(cvSi ze(i mage->wi dt h, new_hei ght),
| PL_DEPTH 8U, 3);

cvZer o( pl nage) ;

Cvivat* Pw = cvCreateMat (3, 1, CV_64F);

Cvivat* Pi = cvCreateMat (3, 1, CV_64F);

CvScal ar pi xel ;

doubl e step = 1.0/scal e_factor;
int xi, yi;

cvnSet (Pw, 2, 0, 1.0);
for (i = 0; i < plmge->height; i++) {
cvnBet (Pw, 1, 0, ((double)(i))=*step+yMn);
for (j =0; j < plmage->wi dth; j++) {
cvnBSet (Pw, 0, 0, ((double)(j))=*step+xM n);
cvMat Mul (HP, Pw, Pi);
xi = ((int)(cvnGet(Pi,0,0)/cvntet (Pi, 2,0)
yi = ((int)(cvnet(Pi, 1, 0)/cvnet (Pi, 2,0)
if (xi <0 || xi > imge->width || yi <
yi >= i mage- >hei ght)
{

}
pi xel = cvGet2D(i mage, yi, xi);
cvSet 2D( pl mage, i, j, pixel);

)
)
0 ||

conti nue;

}

cvSavel mage(out Fi |l eA, plmage, 0);

cvNanedW ndow( " proj ective correction", CV_W NDOW AUTCSI ZE) ;
cvShowl mage( " proj ective correction", plmage);

cvWai t Key(0);

cvDestroyW ndow( " proj ective correction");

conput e_bounds( Hi nv, inmage->height, inmage->w dth, bounds);

XM n = cvntet (bounds, 0, 0);
xMax = cvntet (bounds, 0, 1);
yM n = cvntet (bounds, 0, 2);
yMax = cvntet (bounds, 0, 3);

scal e_factor = ((doubl e) (i mage->w dth))/(xMax-xM n);
new _height = (int)((yMax-yM n)=*(scal e_factor));

/1l renoves all the distortion fromthe image

I pl Il rage *al nage = cvCreat el mage(cvSi ze(i mage->wi dt h, new_hei ght),
| PL_DEPTH 8U, 3);
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cvZero(al nage) ;
step = 1.0/scal e _factor;

cvnbet (Pw, 2, 0, 1.0);
for (i = 0; i < almge->height; i++) {
cvnSet (Pw, 1, 0, ((double)(i))=*step+yMn);
for (j =0; j < almage->width; j++) {
cvnSet (Pw, 0, 0, ((double)(j))=*step+xM n);
cvivat Mul (H, Pw, Pi);
xi = ((int)(cvntet(Pi,0,0)/cvnGet (Pi,2,0)));
yi = ((int)(cvmet (Pi,1,0)/cvnet(Pi,2,0)));
if (xi <0 || xi > imge->width || yi <0 |]
yi >= i mage- >hei ght)
{

}
pi xel = cvGet2D(i mage, yi, xi);
cvSet 2D( al mage, i, |, pixel);

conti nue;

}

cvSavel mage(out Fi | eB, al mage, 0);

cvNanedW ndow( "af fi ne correction", CV_W NDOW AUTCSI ZE) ;
cvShowl mage("affine correction", alnage);

cvWai t Key(0);

cvDestroyW ndow( "af fi ne correction");

cvRel easel mage( & nmage) ;
cvRel easel mage( &pl nage) ;
cvRel easel mage( &l nmage) ;

return O;
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VI. C CODE FOR1-STEP METHOD

| *
* main.c
*
* Created on: Sep 21, 2010
* Aut hor: jj zapf
* |

#i ncl ude <stdio. h>
#i ncl ude <opencv/cv. h>

#i ncl ude <opencv/ hi ghgui . h>
/1
/1 structure for storing i mage data
/1
struct frame {
I pl I mage= i mage;
CvMat * dat a;
i nt npt s;
I
/1
/1 nouse event call back function
/1

voi d mouse_cal | back(int event, int x,

{

struct framex nyPic =
static int ptCnt = O;
i nt X2, y2;
CvPoi nt poi nt A;
CvPoi nt poi nt B;

swi tch(event)

{
case CV_EVENT_LBUTTONDOWN:

{
if (ptCnt < nyPic->nPts) {
poi nt A = cvPoint(X,y);
cvCGircl e(nyPi c->i mage,

poi ntA, 5, CV_RGB(255,0,0),

int y, int flags, void* param

(struct framex) param

1, 8, 0);

if (ptCnt > 0 && ptCnt < 4) {
x2 = (int)(cvnGet (nyPi c->dat a,
y2 = (int)(cvmGet (nyPi c->dat a,
poi nt B = cvPoi nt (x2,y2);

cvLi ne(nmyPi c->i nage , pointA ,
CV_AA, 0);
}
if (ptCnt == 3) {

x2 = (int)(cvnmGet (nyPic->dat a,
y2 = (int)(cvnmGet (nmyPi c->dat a,
poi nt B = cvPoi nt (x2,y2);

cvLi ne(nmyPi c->i nage , pointA ,

September 21, 2010

0, ptCnt-1));
1, ptCnt-1));

poi nt B, CV_RGB(0, 255, 0),
0, 0));
1, 0));

poi nt B, CV_RGB(0, 255, 0),

51

5:
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CV_AA, 0);
}
if (ptCnt > 4 && ptCnt < 6) {
x2 = (int)(cvnmGet (nyPi c->dat a,
y2 = (int)(cvmGet (nyPi c->dat a,
poi nt B = cvPoi nt (x2,y2);
cvLi ne(nmyPi c->i nage , pointA
CV_AA 0);
}
if (ptCnt > 6) {
x2 = (int)(cvnmGet (nyPic->dat a,
y2 = (int)(cvnGet (nyPic->dat a,
poi nt B = cvPoi nt (x2, y2);

0, ptCnt-1));
1, ptCnt-1));

poi nt B, CV_RGB(0, 255, 0),

0, ptCnt-1));
1, ptCnt-1));

poi nt B, CV_RGB(0, 255, 0),

nyPi c- >i nage) ;

51

5:

32

cvLi ne(myPi c->i nage , pointA
CV_AA 0);
}
cvShowl mage ("distorted inmage",
cvnBSet (nyPi c->data, 0, ptCnt, X);
cvnBSet (nyPi c->data, 1, ptCnt, y);
pt Cnt = ptCnt +1;
}
}
}
}
e e e T P
/1 prints a matrix
L e LR PR
void PrintMat (Cviat* M int rows, int cols)
{
int i, j;
for(i = 0; i <rows; i++) {
printf("( ");
for (j =0; jJ <cols; j++) {
printf("9%5.4f", cvnet(Mi,j));
}
printf(" )\'n");
}
}
e I
/1 conputes the bounds in the undistorted coordi nate system
e I

voi d conput e_bounds(CvMat* Hinv,
{

i nt hei ght,

CvMvat* i Corners =
Cvivat * wCorners =
0, O,
1, O,
2, 0,

cvnBet (i Cor ners,
cvnBet (i Cor ners,
cvnBet (i Cor ners,

0);
0);
1);
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int width, CvMat* bounds)

cvCreateMat (3, 4, CV_64F);
cvCreateMat (3, 4, CV_64F);
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cvnBet (i Cor ners,
cvnBet (i Cor ners,
cvnBet (i Cor ners,

cvnBet (i Cor ners,
cvnBet (i Cor ners,
cvnBet (i Cor ners,

cvnBet (i Cor ners,
cvnBet (i Cor ners,
cvnBet (i Cor ners,

cvMat MUl (Hi nv, i

doubl e xM nA
doubl e xM nB
doubl e xMaxA
doubl e xMaxB

doubl e yM nA
doubl e yM nB
doubl e yMaxA
doubl e yMaxB

0, 1, width-1);
1, 1, 0);
2, 1, 1);

0, 2, width-1);
1, 2, height-1);

2, 2, 1);
0, 3, 0);
1, 3, height-1);
2, 3, 1);

Corners, wCorners);

cvntet (wCor ners, 0, 0) / cvnteet (wCor ners, 2, 0) ;
cvntet (wCor ners, 0, 3) / cvneet (wCor ners, 2, 3) ;
cvntet (wCor ners, 0, 1)/ cvneet (wCor ners, 2, 1) ;
cvntet (wCor ners, 0, 2) / cvnieet (wCor ners, 2, 2) ;

cvntet (wCor ners, 1, 0) / cvnteet (wCor ners, 2, 0) ;
cvntet (wCor ners, 1, 1)/ cvneet (wCor ners, 2, 1) ;
cvntet (wCor ners, 1, 2) / cvneet (wCor ners, 2, 2) ;
cvntet (wCor ners, 1, 3)/ cvnteet (wCor ners, 2, 3) ;

double xXM n = xM nA;

doubl e xMax = xMaxA;

if (xMnB < xM n)
XM n = xM nB;

if (xMaxB > xMax)
xMax = xMaxB;

double yMn = yM nA;
doubl e yMax = yMaxA;
if (yMnB < yMn)

yMn = yM nB;
if (yMaxB > yMax)
yMax = yMaxB;

cvnBet (bounds, 0, 0, xM n);
cvnBet (bounds, 0, 1, xMax) ;
cvnBet (bounds, 0, 2, yM n);
cvnBet (bounds, 0, 3, yMax) ;

}
[/ main
int main(int argc, char xargv[])
{
int I
i nt nPts = 8;
char i nFi | e[ 256] ;
char out Fi | e[ 256] ;
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doubl e tnpl, tnp2;

struct frane nyPic = {0, cvCreateMat (2, nPts, CV_64F), nPts};
| *

sprintf(inFile, "inages/adans01l.jpg");
sprintf(outFile, "imges/adansOlnew. jpg");
*/

sprintf(inFile, "inmages/adans02.pg");
sprintf(outFile, "imges/adans02new.jpg");
| *

sprintf(inFile, "inages/doorOl.jpg");
sprintf(outFile, "inmages/door0lnew. jpg");
*/

| *

sprintf(inFile, mages/ boar d01. j pg");
sprintf(outFile, "inmages/boardOlnew. jpg");

sprintf(inFile, nmages/ book. j pg");
sprintf(outFile, "inmages/booknew. jpg");

sprintf(inFile, nmages/calib.jpg");
sprintf(outFile, "inmages/calibnew.jpg");

myPi c. i mage = cvLoadl nage(inFile, CV_LOAD | MAGE ANYDEPTH |
CV_LQOAD | MAGE_ANYCOLOR) ;
if (nyPic.imge == 0) {
printf("Cannot load file %.\n", inFile);
}

cvNanedW ndow( "di storted i nage", CV_W NDOW AUTCSI ZE) ;

cvSet MouseCal | back("di storted i mage", nouse_cal | back,
(voi dx) &myPic);

cvShow mage("di storted i mage", nyPic.imge);

cv\Wai t Key(0);

cvDestroyW ndow("di storted i mage");

cvRel easel mage( &yPi c. i nage) ;

I pl l mage* inmage = cvLoadl mage(inFile, CV_LOAD | MAGE ANYDEPTH |
CV_LOAD | MAGE_ANYCOLOR) ;
if (image == 0) {
printf("Cannot load file %.\n", inFile);
}
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R e
/'l creates the point and Iine matrices
e e i
Cviat* ptl = cvCreateMat (3, 1, CV_64F);
Cviat* pt2 = cvCreateMat (3, 1, CV_64F);

CviMat* line = cvCreateMat (3, 1, CV_64F);
Cvivat* LINES = cvCreateMat (3, 6, CV_64F);

cvmBet (pt1, 2, 0, 1.0);
cvmBet (pt2, 2, 0, 1.0);
for (j =0; j <4 j++) {

if () ==3) {
cvnBet (ptl, 0, 0, cvmGet(myPic.data,O,3));
cvnBet (ptl, 1, 0, cvmGet(myPic.data,1,3));
cvnBSet (pt2, 0, 0, cvnGet(nmyPic.data,0,0));
cvnBSet (pt2, 1, 0, cvnGet(nmyPic.data,1,0));
}
el se
{
cvnSet (ptl, O, 0, cvnGet(nyPic.data,0,j));
cvnBSet (ptl, 1, O, cvnGet(nyPic.data,1,j));
cvnBSet (pt2, 0, 0, cvnGet(nyPic.data,O,j+1));
cvnBet (pt2, 1, 0, cvnGet(nyPic.data,l1,j+1));
}
cvCrossProduct (ptl, pt2, line);
for (i =0; i < 3; i++) {
cvnSet (LINES, i, j, cvnCet(line,i,0));
}
}
e i

cvnBet (ptl, O, 0, cvntet(nyPic.data,O0,4));
cvnBet (ptl, 1, 0, cvnet(nyPic.data,1l1,4));
cvnBet (pt2, 0, 0, cvnGet(nyPic.data,0,5));
cvnBet (pt2, 1, 0, cvnGet(nyPic.data,1,5));
cvCrossProduct (ptl, pt2, line);
for (i =0; i <3; i++) {

cvnBet (LINES, i, 4, cvnCet(line,i,0));
}

cvnBet (ptl, 0, 0, cvnGet(nyPic.data,O0,6));
cvnBet (ptl, 1, 0, cvnet(nyPic.data,1l1,6));
cvnBet (pt2, 0, 0, cvntet(nyPic.data,0,7));
cvnBet (pt2, 1, 0, cvnet(nyPic.data,1,7));
cvCrossProduct (ptl, pt2, line);
for (i =0; i <3; i++) {

cvnBet (LINES, i, 5, cvnGet(line,i,0));
}
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Cviat * A = cvCreateMat (5,

doubl e |1,

WN -
1 1 T O I

RIS

cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,

W N

CRIEN

| 2,
double ml, n2, nB;

01

[cNeoNoNeoNe

01

1,
2,
3,
4,
5,

cvnBet (A, 1, O,
cvnBet (A, 1, 1,
cvnbet (A, 1, 2,
cvnbet (A, 1, 3,
cvnbet (A, 1, 4,
cvnBet (A, 1, 5,

wWwN -
L | I T TR |

CRE

cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,
cvnBet (A,

WN -

o 2
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2,
2,

2,
2,
2,
2,

0,
1,
2,

31
41
51

| 3;

cvnCet (LI NES, 0, 0) ;
cvnCet (LI NES, 1, 0) ;
cvniet (LI NES, 2, 0) ;
cvniet (LI NES, 0, 1) ;
cvmCet (LI NES, 1, 1);
cvnCet (LI NES, 2, 1) ;

[ 1xml) ;
(I 1*mR+l 2+ ) / 2) ;
| 2xnR) ;
(1 1+nmB+l 3*nl)/ 2);
(I 2%nB+l 3xnR) / 2) ;
[ 3xnB) ;

cvniet (LI NES, 0, 1) ;
cvmCet (LI NES, 1, 1);
cvniet (LI NES, 2, 1) ;
cvnCet (LI NES, 0, 2);
cvnCet (LI NES, 1, 2);
cvniet (LI NES, 2, 2) ;

[ 1xml) ;
(1 1+m2+l 2xn1l)/ 2) ;
[ 2% ) ;
(I 1*nB+l 3xni) / 2) ;
(I 2%nB+l 3xnR) / 2) ;
| 3xnB) ;

cvnCet (LI NES, 0, 2);
cvnCet (LI NES, 1, 2);
cvnCet (LI NES, 2, 2);
cvniet (LI NES, 0, 3) ;
cvniet (LI NES, 1, 3) ;
cvniet (LI NES, 2, 3) ;

[ 1xml) ;
(I 1*mR+l 2xn) / 2) ;
[ 2% nR) ;
(1 1+nmB+l 3*xnl)/ 2) ;
(1 2«8+l 3*nR)/ 2) ;
[ 3xnB) ;

cvnCet (LI NES, 0, 3) ;
cvniet (LI NES, 1, 3) ;
cvniet (LI NES, 2, 3) ;
cvniet (LI NES, 0, 0) ;
cvnCet (LI NES, 1, 0) ;

6, CV_64F);
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n8 = cvnGet (LI NES, 2, 0) ;

cvnBet (A, 3, 0, |1xml);
cvimBet (A, 3, 1, (I 1xn2+l 2«nl)/2);
cvnBet (A, 3, 2, |2xnR);
cvnBet (A, 3, 3, (I1xnB+l 3xml)/2);
cvnBet (A, 3, 4, (l2*nB+l 3xnR)/2);
cvnBet (A, 3, 5, |3xnB);
|1 = cvnGet (LI NES, 0, 4);
|2 = cvnGet (LI NES, 1, 4);
I 3 = cvnGet (LI NES, 2, 4);

cvniet (LI NES, 0, 5) ;
cvmGet (LI NES, 1, 5) ;
cvniet (LI NES, 2, 5) ;
cvnBet (A, 4, 0, |1+ml);
cvnBet (A, 4, 1, (I1xnR+l 2+xml)/2);
cvnBet (A, 4, 2, |2xnR);
cvimBet (A, 4, 3, (I 1+nB+l 3xnl)/2);
cvinBet (A, 4, 4, (I 2+nmB+l 3xnR)/2);
cvnBet (A, 4, 5, |3+xnB);

CRE=

CvMvat* V = cvCreateMat (6, 6, CV_64F);
CvMat* W= cvCreateMat (5, 6, CV_64F);
cvSVD(A, W NULL, V, 0);

Cviat * Cstar_inf = cvCreateMat (3, 3, CV_64F);

37

cvnBet (Cstar _inf, 0, 0, cvnzet(V,0,5)); /1 a
cvnbBet (Cstar _inf, 1, 1, cvnet(V, 2,5)); /Il ¢
cvnBet (Cstar _inf, 2, 2, cvnzet(V,5,5)); /1 f
cvnBet (Cstar _inf, 0, 1, 0.5+cvmCet(V,1,5)); /'l bl2
cvmBet (Cstar_inf, 1, 0, 0.5xcvnGet(V,1,5)); Il bl2
cvmBet (Cstar_inf, 0, 2, 0.5xcvnGet(V,3,5)); /1 dl2
cvnBet (Cstar_inf, 2, 0, 0.5+cvnmCet(V, 3,5)); /1 dl2
cvnBet (Cstar_inf, 1, 2, 0.5+cvnmCet(V,4,5)); Il el2
cvnBet (Cstar_inf, 2, 1, 0.5+cvnmCet(V,4,5)); Il el2
if(cvnmet(Cstar_inf,2,2) <0) {
for (i =0; i <3; i++) {
for (j =0; j <3; j++) {
cvnBet (Cstar _inf, i, j, -1.0+xcvnGet (Cstar_inf,
}
}
}
e e e

Cvivat* S = cvCreateMat (2, 2, CV_64F);
cvnBet (S, 0,0, cvnet (Cstar _inf,0,0));
cvnBet (S, 0,1, cvnet (Cstar _inf,0,1));
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cvnmBet (S, 1,0, cvnet (Cstar _inf,1,0));
cvnBet (S, 1,1, cvnet (Cstar _inf,1,1));

CvMvat* U = cvCreateMat (2, 2, CV_64F);
Cvivat* D2 = cvCreatehat (2, 2, CV_64F);
CvMvat* D = cvCreateMat (2, 2, CV_64F);
Cviat* UD = cvCreatehMat (2, 2, CV_64F);
Cvivat* K = cvCreateMat (2, 2, CV_64F);

cvSVD(S, D2, U, NULL, 0);

cvPow( D2, D, 0.5);

cvMatMul (U, D, UD);

cvGEMM UD, U, 1.0, NULL, 0, K, CV_CEMM B T);

Cviat * sol _vector = cvCreateMat (2, 1, CV_64F);

CvMat* v = cvCreateMat (2, 1, CV_64F);
CvMWat* H = cvCreateMat (3, 3, CV_64F);
Cvivat* Hinv = cvCreateMat (3, 3, CV_64F);

cvnbet (sol _vector, 0, 0, cvmCet(Cstar_inf, 0, 2));
cvnbet (sol _vector, 1, 0, cvmCet(Cstar_inf, 1, 2));
cvSol ve(K, sol _vector, v, CV_LU);

cvZero(H);
for (i =0; i <2; i++) {
for (j =0; J <2, j++) {
cvnBet (H, i, j, cvnGet(K i, j));
}

cvnBet (H, 2, i, cvnet(v, i, 0));
}
cvnBet (H, 2, 2, 1.0);
cvlinvert(H, Hnv, CV_LU);

cvNornmalize(H H, 1, 0, CV_L2, NULL);
cvNornmalize(Hinv, Hnv, 1, 0, CV_ L2, NULL);

CviMat * bounds = cvCreateMat (1, 4, CV_64F);
conput e_bounds( Hi nv, inmage->height, inmage->w dth, bounds);
doubl e xM n cvntet (bounds, 0, 0);

doubl e xMax = cvnCet (bounds, 0, 1);
doubl e yM n = cvnCet (bounds, 0, 2);
doubl e yMax = cvntet (bounds, 0, 3);

doubl e scal e_factor = ((doubl e)(imge->wi dth))/(xMax-xM n);
int new height = (int)((yMax-yMn)=(scale_factor));

I pl Il mage *newl mage = cvCreatel nage(cvSi ze(i nage->w dth, new_hei ght),
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| PL_DEPTH_ 8U, 3);
cvZer o( new nage) ;
Cvivat* Pw = cvCreateMat (3, 1, CV_64F);
Cviat* Pi = cvCreateMat (3, 1, CV_64F);
CvScal ar pi xel ;

=Y

doubl e step = 1.0/scal e _factor;
int xi, yi;

cvnbet (Pw, 2, 0, 1.0);
for (i = 0; i < newl nage->height; i++) {
cvnBet (Pw, 1, 0, ((double)(i))=*step+yMn);
for (j =0; j < newlnage->wdth; j++) {
cvnSet (Pw, 0, 0, ((double)(j))=*step+xMn);
cvivat Mul (H, Pw, Pi);
xi = ((int)(cvntet (Pi,0,0)/cvnCet (Pi, 2,0))
yi = ((int)(cvnet(Pi,1,0)/cvntet (Pi, 2,0))
if (xi <0 || xi >=image->width || yi <0
yi >= i mage- >hei ght)
{

}
pi xel = cvGet2D(i mage, yi, Xxi);
cvSet 2D( new nage, i, |, pi xel);

)
)
| |

conti nue;

}

cvSavel mage(out Fil e, newl nage, 0);

cvNanedW ndow( "corrected i nage", CV_W NDOW AUTCSI ZE) ;
cvShowl mage("corrected i nage", new nage);

cvWai t Key(0);

cvDest royW ndow( "corrected i mage");

cvRel easel mage( &ew nage) ;
cvRel easel mage( & nmage) ;

return O;
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