ECE661 Computer Vision Homework 5
Levenberg Marquardt Algorithm Applied in
Homography

Rong Zhang

1 Problem

In this homework, we extend HW# 4 by adding an optimal homography matrix estimation
process using Levenberg Marquardt (LM) algorithm. The homography matrix H computed
from the RANSAC algorithm is used as the initial estimate in the LM based search for the

optimal solution.

2 Estimation Homography by RANSAC and LM Al-
gorithms

In this section, the procedures of this homework are summarized as follows.

1. corner dection and NCC based feature matching methods are used to get n putative
points correspondences.

2. initialize number of estimation N = 500, threshold T_DIST, MAX __inlier = -1, MIN _std
= 10eb and p = 0.99.

3. for ith (i = 1: N) estimation

(
(

a) randomly choose 4 correspondences

)

b) check whether these points are colinear, if so, redo the above step

(¢) compute the homography H.,,. by normalized DLT from the 4 points pairs
)

(d) for each putative correspondence, calculate distance d; = d()? ! H, Curr)?i)jtd()zi, H ;L}“TX !
by the above H.,;,

(e) compute the standard deviation of the inlier distance curr_std
(f) count the number of inliers m which has the distance d; < T_DIST

(g) if(m > MAX inlier or (m == MAX inlierandcurr_std < MIN_std)) update best
H = H_,,, and record all the inliers

(h) update N by Algorithm 4.5: compute € = 1—m/n and set N = log(1 — p)/log(1 — (1 — €)*)
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4. refinement: re-estimate H from all the inliers using the DLT algorithm, then transform
X' by H7! (i.e., H'X') to get the reconstructed scene image, compare to the original
scene image.

5. use H obtained in last step as the initial value, refine the estimation using the LM
optimization algorithm to minimize the symmetric transfer error (for all the inlier
pairs)

d= Z(d()@, H'X)? +d(X!, HX,)?).

The LM algorithm used in this homework is the code provided at website
http://www.ics.forth.gr/ lourakis/levmar/. For simplicity, the function dlevmar_dif() is used
where the finite difference approximated Jacobian is used in stead of the analytical expression
of Jacobian.

3 Results

The results are showed in this section. Note that picture *a.jpg is denoted as X and *b.jpg
is X, satisfying X' =HX.

The results of the detected corner points are given (number of feature points are indicated
in the figure captions). In the NCC result figure, lines with different colors shows correspon-
dences for difference matched point pairs. The numbers of putative correspondences are
indicated under the figure. In the RANSAC result figure, green points and green lines show
the inliers and the red ones are the outliers. We can see from the figures that the RANSAC
algorithm efficiently eliminate those inaccurate correspondences.

Two sets of transformed pictures are slﬂmwn in this section. One is the original irriage X

and the transformed X’ under H_q ie., X = H-'X and the error between X and X. The
other one is the original image X’ and the transformed X under H , l.e., X' = HX and the

error between X' and X. Note that the error image intensity values are added a constant
127 for display purpose.

We can see that transformed images by only 4 corner correspondences have the worst
performance, i.e., the error images have larger intensity magnitutes (the MSE of the error
image has the highest value). The images using H obtained from all the inliers after LM
optimization slightly outperform those without LM agorithm. Since the RANSAC algorithm
is robust in this homography estimation problem, the LM algorithm does not improve the
performance much. The MSE values of the error images with LM algorithm are smaller than
those without LM algorithm.

For all the testing images, different parameters T_SMALLEST _EIG are used (indicated
under the corner detection figures). The other parameters are the same
MAX_CORNERPOINT_NUM=500,

W SIZE = 7,
EUC_DISTANCE = 10,
B_SIZE = 30,
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W_SIZE_MATCH = 30
T_DIST = 30.

For the LM agorithm, the following table gives number of the iterations and the symetric
transfer error d before/after LM agorithm is applied for the images used in this homework.

iteration numbers | d before LM | d after LM
samplea.jpg & sampleb.jpg 37 157.88 152.11
mla.jpg & mlb.jpg 51 103.42 99.88
m2a.jpg & m2b.jpg 37 32.29 32.20
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Figure 1: 1st row: Detected corners T_SMALLEST EIG = 60 (number of corner points
detected: 80 and 219); 2nd row: NCC matching (number of matched pairs: 64); 3rd row:
RANSAC results: green points and lines represent inliers and red ones are outliers (number
of inlier: 52) 4
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Figure 2: 1st row: samplea.jpg sampleb.jpg; 2nd row: H obtained from 4 corner points; 3rd
row: H obtained from all the inliers (52 in all); 4th row: H re-estimated by LM algorithm (left:
transformed sampleb.jpg; right: error between transformed sampleb.jpg and samplea.jpg, the
MSE values are: 691.00 551.03 500.22 from 25d row to 4th row)
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Figure 3: 1st row: sampleb.jpg samplea.jpg; 2nd row: H obtained from 4 corner points; 3rd
row: H obtained from all the inliers (52 in all); 4th row: H re-estimated by LM algorithm (left:
transformed samplea.jpg; right: error between transformed samplea.jpg and sampleb.jpg, the
MSE values are: 410.19 391.37 386.63 from 2gd row to 4th row)
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Figure 4: 1st row: Detected corners T_SMALLEST EIG = 10 (number of corner points
detected: 68 and 64); 2nd row: NCC matching (number of matched pairs: 54); 3rd row:
RANSAC results: green points and lines represent inliers and red ones are outliers (number
of inlier: 44) 7
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Figure 5: 1st row: mla.jpg mlb.jpg; 2nd row: H obtained from 4 corner points; 3rd row:
H obtained from all the inliers (44 in all); 4th row: H re-estimated by LM algorithm (left:
transformed mlb.jpg; right: error between transformed mlb.jpg and mla.jpg, the MSE
values are: 85.71 55.78 53.99 from 2nd row tg4th row)
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Figure 6: 1st row: mlb.jpg mla.jpg; 2nd row: H obtained from 4 corner points; 3rd row:
H obtained from all the inliers (44 in all); 4th row: H re-estimated by LM algorithm (left:

transformed mla.jpg; right: error between transformed mla.jpg and mlb.jpg, the MSE
values are: 105.89 66.26 60.96 from 2nd row tp 4th row)
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Figure 7: 1st row: Detected corners T_SMALLEST EIG = 80 (number of corner points
detected: 46 and 48); 2nd row: NCC matching (number of matched pairs: 42); 3rd row:
RANSAC results: green points and lines represent inliers and red ones are outliers (number
of inlier: 39) 10
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Figure 8: 1st row: m2a.jpg m2b.jpg; 2nd row: H obtained from 4 corner points; 3rd row:
H obtained from all the inliers (39 in all); 4th row: H re-estimated by LM algorithm (left:
transformed m2b.jpg; right: error between transformed m2b.jpg and m2a.jpg, the MSE
values are: 184.07 150.35 150.16 from 2nd row to 4th row)
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Figure 9: 1st row: m2b.jpg m2a.jpg; 2nd row: H obtained from 4 corner points; 3rd row:
H obtained from all the inliers (39 in all); 4th row: H re-estimated by LM algorithm (left:
transformed m2a.jpg; right: error between transformed m2a.jpg and m2b.jpg, the MSE
values are: 233.99 122.91 121.28 from 2nd royp to 4th row)



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

// RANSAC algorithm:

// Smallest eigenvalue method is used
// for corner detection; NCC is used for
// similarity measure

// LM algorithm:

// code from http://www.ics.forth.gr/~lourakis/levmar/

// was used. A .lib file is created from the source code

//  provided. The main function used is dlevmar dif ()
//************************************************************
#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#include <cv.h>

#include <highgui.h>

// the following h files are from http://www.ics.forth.gr/~lourakis/levmar/
#include "misc.h"

#include "1lm.h"

#define CLIP2 (minv, maxv, value) (min(maxv, max(minv, wvalue)))

#define MAX CORNERPOINT NUM 500 // max number of detected corner pts

#define T SMALLEST EIG 60 // thres. for the smallest eigenvalue method
#define W_SIZE 7 // window size used in corner detection

#define EUC_DISTANCE 10 // thres. for Euclidean distance for uniquness corner
#define B SIZE 30 // size for excluding boundary pixel

#define W _SIZE MATCH 30 // window size used in NCC

#define T DIST 30 // thres. for distance in RANSAC algorithm

/* global variables used by various homography estimation routines */
static struct ({

double (*inlierpl) [2], (*inlierp2) [2];

int num inlier;

}globs;

// X:pl; Xp: p2 Xp = HX

// distortion = d(X,invH*Xp) +d (Xp,H*X)

// the following functions HomoDistFunc () and CalculateHomoDistFunc ()

// are from the online example http://www.ics.forth.gr/~lourakis/homest/
void HomoDistFunc (double ml[2], double m2[2], double h[9], double tran x[4])

{

double
tl,t11,t13,t14,t15,t17,t18,t2,t20,t21,t23,t26,t28,t34,t4,t5,t53,t66,t68,t74,t8,t9;

tl = h[4];

t2 = h[8];

t4 = h[5];

t5 = h[7];

t8 = h[0];

t9 = t8*tl;
tll = t8*t4;
tl3 = h[3];
t14 = h[1];
tl5 = tl13*tl4;
tl7 = h[2];
tl8 = tl13*tl7;
t20 = h[6];

t21 = t20*tl4;

t23 = t20*tl7;

t26 = 1/(-t9*t2+t5*t11+t15%t2-t18*t5-t21*t4+t23*tl) ;

t28 = m2[0];

t34 = m2[1];

t53 = 1/(-(t1l3*t5-t1*t20)*t26*t28- (-t5*t8+t21)*t26*t34+ (-t9+t1l5) *t26) ;



tran x[0] = (-(t2*tl-t4*t5)*t26*t28+ (t14*t2-t17*t5)*t26*t34- (tl4*t4-
£17*tl) *t26) *t53;

tran x[1] = ((tl3*t2-t4*t20)*t26%t28- (£8*t2-t23)*t26*t34- (-t11+t18)*t26)*t53;
t66 = ml[0];

t68 = ml[1];

t74 = 1/(t20*t66+t5*t68+t2) ;

tran x[2] = (t8*t66+t14*t68+t1l7)*t74;

tran x[3] = (t13*t66+t1*t68+t4)*t74;

}

static void CalculateHomoDistFunc (double *h, double *tran x, int m, int n, void
*adata)

int 1i;

int num inliers = globs.num inlier;

double (*pl) [2]=globs.inlierpl;
double (*p2) [2]=globs.inlierp2;

for(i=0; i<num inliers; i++)
HomoDistFunc (pl[i], p2[i], h, tran x+i*4);

}

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

// Compute gradient based on Sobel operator
// input: image
// output: gradient x, gradient y
//*****************************************
void Gradient Sobel (IplImage *img, CvMat* I x, CvMat* I y){
int width = img->width;
int height = img->height;
int i,3,ii,39;
double valuex, valuey;
CvScalar curpixel;
// the sobel operator below is already flipped
// for the convolution process
double sobel xdata [] = {1,0,-1,2,0,-2,1,0,-1}
double sobel ydata [] = {-1,-2,-1,0,0,0,1,2,1}
CvMat sobel x = cvMat (3,3,CV_64FCl,sobel xdata
CvMat sobel y = cvMat (3,3,CV_64FCl,sobel ydata

1

)
) ;
for(i=0; i<height; i++) //for each row
for(j=0; j<width; j++){ //for each column
// convolution
valuex = 0;
valuey = 0;
for(ii=-1; ii<=1; ii++)
for(jj=-1; ji<=1; Fi++){
if(i+ii < 0 || i+ii >= height || j+3jj < 0 || j+jj >= width)
continue;
curpixel = cvGet2D(img,i+ii,j+33j);
valuex += curpixel.val[0]*cvmGet (&sobel x,ii+1,3jj+1);
valuey += curpixel.val[0]*cvmGet (&sobel y,ii+1,3j+1);
}
cvmSet (I _x,1i,j, (valuex)) ;
cvmSet (I y,1i,j, (valuey));

}

//*******************-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

// exclude those false alarmed corners in a small neighborhood
// i.e., store only the corner pts with greatest NCC value



// input: CvPoint *corner (pts queue)

// int num (ttl number of pts in queue)

// double *corner cost (NCC values of the pts in queue
// CvPoint curr point (candidate to be put in queue)
// double curr cost (NCC value of curr point)

// output: updated corner, corner cost

// return ttl number of pts in queue
//*************************************************************

int Corner Uniqueness(CvPoint *corner, int num, double *corner cost, CvPoint
curr point, double curr cost) {

int 1i,3;

int idxnum = 0, newidx;

int *idx;

int isNeighbor = 0;

idx = (int*) malloc(sizeof (int)* num); // to record the neighborhood corner

point should be deleted

if(num == 0){ // the first point
// add curr_ point into queue
corner [num] = cvPoint (curr point.x, curr point.y);
corner cost [num++] = curr cost;
lelse{
// compare the curr point with the points in queue
for(i=0; i<num; i++)
// if the Euclidean Distance is small (within the neighborhood)
if (sgrt (pow (curr point.x-corner[i] .x,2.0)+pow(curr_ point.y-
corner [i] .y,2.0)) < EUC DISTANCE) {
isNeighbor = 1;
if (corner cost[i] < curr cost) // more accurate corner

detected
idx [idxnum++] = 1i;
}
}
if (idxnum > 0)
// delete the false alarm points
corner [1dx[0]] = cvPoint (curr point.x, curr point.y);;
corner cost[idx[0]] = curr cost;
// more than one false alarm points detected
if (idxnum > 1)
// start from the 2nd point
newidx = idx[1];
for(i=1; i<idxnum; i++)
for(j=idx[i1+1; j<min(idx[min(i+l, idxnum)], num);
J++)
corner [newidx] = cvPoint (corner[j] .x,
corner [j] .vy);
corner cost [newidx++] = corner cost[j];
}
}
}
num -= idxnum;
num++ ;
}else if (isNeighbor == 0) {
// add curr_ point into queue
corner [num] = cvPoint (curr point.x, curr point.y);;
corner cost [num++] = curr cost;

delete idx;
return num;



//*-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

// Corner detection
// input: 1img
// output: corner (detected corner pts)
// return the total number of detected corner pts
//*****-k********-k*******-k*******-k******************************
int DetectCorner (IplImage *img, CvPoint *corner) {
int num = 0;
int 1,3,11i,33;
int height = img->height;
int width = img->width;
int wsize;
double gll,gl2,g922;
double corner cost [MAX CORNERPOINT NUM] ;
double curr cost;
CvPoint curr point;

CvMat *G = cvCreateMat (2,2,CV_32FC1);
CvMat *U = cvCreateMat (2,2,CV_32FC1);
CvMat *V = cvCreateMat (2,2,CV_32FC1);
CvMat *D = cvCreateMat (2,2,CV_32FC1);

// set window size

if (W _SIZE%2 == 0){
printf ("error for window size\n");
return 0;

lelse
wsize = (W_SIZE—l) /2;

// compute the gradient I x, I y

CvMat *I x = cvCreateMat (height,width,CV_64FC1) ;
CvMat *I y = cvCreateMat (height,width,CV_64FC1) ;
Gradient Sobel (img, I x, I y);

double factor = 10000;
// check each pixel
// exclude the boundary
for (i=B SIZE; i<height-B SIZE; i++)
for (j=B_SIZE; j<width-B SIZE; j++) {

curr point = cvPoint(j,1);
gll = 0;
gl2 = 0;
g22 = 0;

for(ii=-wsize; ii<=wsize; ii++)
for(jj=-wsize; jj<=wsize; jj++){

if(i+ii < 0 || i+ii >= height || j+3jj < 0 || j+jj »= width)
continue;

gll += pow(cvmGet (I x,i+ii,j+jj),2.0)/factor;

gl2 += cvmGet (I x,i+ii,j+3jj) *cvmGet (I y,i+1ii,j+jj)/factor;

g22 += pow(cvmGet (I y,i+ii,j+3jj),2.0)/factor;
}
cvmSet (G,0,0,9
cvmSet (G,0,1,9g
cvmSet (G,1,0,9
cvmSet (G,1,1,9

’

’

~

// Smallest eigenvalue method

// SVD The flags cause U and V to be returned transposed (does not work
well without the transpose flags).

// Therefore, in OpenCvV, S = U"T D V

cvSVD(G, D, U, V, CV_SVD U T|CV_SVD V T);

curr cost = cvmGet(D,1,1);



if (curr cost > T SMALLEST EIG)

num = Corner Uniqueness (corner, num, corner cost, curr point,

curr_cost) ;

}

if (num >= MAX CORNERPOINT NUM) {
printf ("error. MAX CORNERPOINT NUM reached!");
return -1;

}

cvReleaseMat (&G) ;
cvReleaseMat (&U) ;
cvReleaseMat (&V) ;
cvReleaseMat (&D) ;
cvReleaseMat (&I x) ;
cvReleaseMat (&I vy) ;

return num;

//*-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

//
//
//
//
//
//

Similarity measure based on NCC
input: imgl, img2, (images)

pl, p2 (detected corner pts for each image x and x')
numl, num2 (ttl number of detected pts for each image)

output: ml, m2 (matched pairs)
return the total number of matched pairs

//*-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

int CornerPointMatching NCC(IplImage *imgl, IplImage *img2, CvPoint *pl,
CvPoint *p2, int num2, CvPoint2D64f *ml, CvPoint2D64f *m2)

int 1i,3j,1ii,jj,idx;

double cur value;

double MAX value;

int cur x, cur_y, match x, match y;
double meanl, mean2;

int available num;

CvScalar intensity;

double tmpl, tmp2;

double v1, v2, v3;

double *nccvalues = new double [numl];
int *matchedidx = new int [numl];
int check = 0;

int height = imgl-sheight;
int width = imgl->width;

idx = 0;
for (i=0; i<numl; i++){
// for each point in pl, find a match in p2
MAX value = -10000;
cur x = pll[i].x;
cur y = pll[il.y;
ml[idx] .x = (double)cur x;
ml[idx] .y (double) cur_y;

for (§=0; j<num2; j++)({
match x = p2[j].x;
match y = p2[j]l.y;
available num = 0;
meanl = 0; mean2 = 0;
for (ii=-W_SIZE MATCH; ii<W SIZE MATCH; ii++) {
for (jj=-W_SIZE MATCH; jj<W_SIZE MATCH; jj++) {

int numl,



if(cur y+ii < 0 || cur y+ii >= height || cur x+jj < 0
|| cur x+jj >=width)
continue;
intensity = cvGet2D(imgl, cur_y+ii, cur x+3jj);
meanl += intensity.val[0];
intensity = cvGet2D(img2, match y+ii, match x+3jj);
mean2 += intensity.val[0];
available num++;
}
}
meanl /= available num;
mean2 /= available num;

vl = 0; v2 = 0; v3 = 0;
for(ii=-W_SIZE MATCH; ii<W SIZE MATCH; ii++){
for(jj=-W_SIZE MATCH; jj<W _SIZE MATCH; jj++){

if (cur_y+ii < 0 || cur_y+ii >= height || cur_x+jj < 0
|| cur x+jj >=width)
continue;
intensity = cvGet2D(imgl, cur y+ii, cur x+3jj);
tmpl = intensity.val[0] - meanl;
intensity = cvGet2D(img2, match y+ii, match x+3jj);
tmp2 = intensity.val[0] - mean2;

vl += tmpl*tmp2;
v2 += pow(tmpl, 2.0);
v3 += pow(tmp2, 2.0);

}
}
cur value = vl / sqgrt(v2*v3);
if (cur_value > MAX value)

{

// a better match

MAX value = cur_value;
nccvalues [idx] = cur value;
m2 [idx] .x = (double)match x;
m2 [idx] .y = (double)match y;

matchedidx [idx] = J;

}

check = 0;
for(j=0; j<idx; j++){
if (matchedidx[j] == matchedidx[idx]) {
if (ncevalues[j] < ncevalues[idx]) {
nccvalues [j] = nccvalues[idx];

ml[j].x = ml[idx] .x;
ml[j].y = ml[idx].y;

check = 1;
break;
}
}
if (check == 0)

idx++;

}

delete nccvalues;
delete matchedidx;
return idx;

}

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



// Check colinearity of a set of pts
// input: p (pts to be checked)

// num (ttl number of pts)
// return true if some pts are coliner
// false if not

//*****************************************
bool isColinear (int num, CvPoint2D64f *p) {
int i,3,k;
bool iscolinear;
double value;

CvMat *ptl = cvCreateMat (3,1,CV_64FCl);
CvMat *pt2 = cvCreateMat (3,1,CV_64FCl);
CvMat *pt3 = cvCreateMat (3,1,CV_64FCl);
CvMat *line = cvCreateMat (3,1,CV_64FC1l) ;

7

iscolinear = false;
// check for each 3 points combination
for(i=0; i<num-2; i++){
cvmSet (pt1,0,0,p[i].x);
cvmSet (ptl,1,0,pl[1].y);
cvmSet (ptl1,2,0,1);
for (j=i+1l; j<num-1; Jj++){
cvmSet (pt2,0,0,p[j] .%x);
cvmSet (pt2,1,0,p[3].y);
cvmSet (pt2,2,0,1) ;
// compute the line connecting ptl & pt2
cvCrossProduct (ptl, pt2, line);
for (k=j+1; k<num; k++)
cvmSet (pt3,0,0,pl[k] .x);
cvmSet (pt3,1,0,plk]l .y);
cvmSet (pt3,2,0,1);
// check whether pt3 on the line
value = cvDotProduct (pt3, line);
if (abs(value) < 10e-2){
iscolinear = true;

break;
}
}
if (iscolinear == true) break;
}
if (iscolinear == true) break;

}

cvReleaseMat (&ptl) ;
cvReleaseMat (&pt2) ;
cvReleaseMat (&pt3) ;
cvReleaseMat (&line) ;
return iscolinear;

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

// Compute the homography matrix H

// i.e., solve the optimization problem min ||Ah||=0 s.t. ||h]|]|=1
// where A is 2n*9, h is 9*1

// input: n (number of pts pairs)

// pl, p2 (coresponded pts pairs x and x')

// output: 3*3 matrix H
//****************************************************************
void ComputeH (int n, CvPoint2D64f *pl, CvPoint2D64f *p2, CvMat *H) {

int 1i;

CvMat *A = cvCreateMat (2*n, 9, CV_64FCl);

CvMat *U cvCreateMat (2*n, 2*n, CV_64FC1);



}

CvMat *D = cvCreateMat (2*n, 9, CV_64FC1) ;
CvMat *V cvCreateMat (9, 9, CV_64FCl);

cvzZero (A) ;
for(i=0; i<n; i++){
// 2*1 row
cvmSet (A,2*1,3,-pl[i] .x);
cvmSet (A,2*1i,4,-pl[i].y);
cvmSet (A,2*1,5,-1) ;
cvmSet (A,2*1i,6,p2[1] .y*pl[i] .x);
cvmSet (A, 2*1,7,p2[1] .y*pl[i].y);
cvmSet (A,2*1,8,p2[1] .y) ;
// 2*i+1 row
cvmSet (A,2*i+1,0,pl[i] .x);
cvmSet (A,2*1+1,1,pl[1].y);
cvmSet (A,2*1+1,2,1) ;
cvmSet (A,2*i+1,6,-p2[i] .x*pl[i] .x);
cvmSet (A,2*i+1,7,-p2[i] .x*pl[i].Vy);
cvmSet (A,2*i+1,8,-p2[i] .x);

}

// SVD
// The flags cause U and V to be returned transposed
// Therefore, in OpenCvV, A = U"T D V

cvSVD(A, D, U, V, CV_SVD U T|CV_SVD V. T);

// take the last column of V*T, i.e., last row of V
for(i=0; 1<9; i++)
cvmSet (H, 1/3, 1i%3, cvmGet(V, 8, 1));

cvReleaseMat (&A) ;
cvReleaseMat (&U) ;
cvReleaseMat (&D) ;
cvReleaseMat (&V) ;

//*******-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

//
//
//
//
//
//

Compute the homography matrix H
i.e., solve the optimization problem min ||2Ah||=0 s.t. ||h]|]|=1
where A 1s 2n*9, h is 9*1
input: n (number of pts pairs)
pl, p2 (coresponded pts pairs x and x')
output: 3*3 matrix H

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

void ComputeH (int n, double (*pl) [2], double (*p2) [2], CvMat *H) {

int 1i;

CvMat *A = cvCreateMat
CvMat *U = cvCreateMat
CvMat *D = cvCreateMat
CvMat *V = cvCreateMat

2*n, 9, CV_64FC1);
2*n, 2*n, CV_64FC1) ;
2*n, 9, CV_64FC1);
9, 9, CV_64FC1);

—~ e~~~

cvzZero (A) ;
for(i=0; i<n; i++){
// 2*1 row
cvmSet (A,2*1,3,-pl[i] [0]);
cvmSet (A,2%1i,4,-pl[1i][1]);
cvmSet (A,2*1i,5,-1) ;
cvmSet (A,2*i,6,p2[1] [1]*pl[i] [0]) ;
cvmSet (A,2*%1i,7,p2[1] [1]*pl[il [1]);
cvmSet (A,2*1,8,p2[1] [1]) ;
// 2*i+1 row
cvmSet (A,2*1+1,0,pl[i] [0]);



cvmSet (A,2*1+1,1,p1[1] [1]);

cvmSet (A,2*1i+1,2,1) ;

cvmSet (A,2%i+1,6,-p2[1] [0]*pl[i] [0]);
cvmSet (A, 2%i+1,7,-p2[1] [0] *pl[i] [1]);
cvmSet (A,2*1+1,8,-p2[1] [0]) ;

}

// SVD
// The flags cause U and V to be returned transposed
// Therefore, in OpenCV, A = U"T D V

cvSVD(A, D, U, V, CV_SVD U T|CV_SVD V. T);

// take the last column of V*T, i.e., last row of V
for (1i=0; 1<9; i++)
cvmSet (H, i/3, i%3, cvmGet(V, 8, 1));

cvReleaseMat (&A) ;
cvReleaseMat (&U) ;
cvReleaseMat (&D) ;
cvReleaseMat (&V) ;

}

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

// Compute number of inliers by computing distance under a perticular H

// distance = d(Hx, x') + d(invH x', x)

// input: num (number of pts pairs)

// pl, p2 (coresponded pts pairs x and x')

// H (the homography matrix)

// output: inlier mask (masks to indicate pts of inliers in pl, p2)
// dist std (std of the distance among all the inliers)

// return: number of inliers
//**********************************************************************
int ComputeNumberOfInliers (int num, CvPoint2D64f *pl, CvPoint2De64f *p2, CvMat *H,
CvMat *inlier mask, double *dist std) {

int i, num inlier;

double curr dist, sum dist, mean dist;

CvPoint2D64f tmp pt;

CvMat *dist = cvCreateMat (num, 1, CV_64FC1l) ;

CvMat *x = cvCreateMat(3,1,CV_64FCl) ;

CvMat *xp = cvCreateMat(3,1,CV_64FCl) ;

CvMat *pt = cvCreateMat (3,1,CV_64FCl) ;

CvMat *invH = cvCreateMat (3,3,CV_64FC1) ;

cvInvert (H, invH) ;

// check each correspondence

sum _dist = 0;

num_inlier = 0;

cvZero(inlier mask) ;

for (i=0; i<num; i++)
// initial point x
cvmSet (x,0,0,pl[1] .x);
cvmSet (x,1,0,pl[i] .y);
cvmSet (x,2,0,1) ;
// initial point x'
cvmSet (xp,0,0,p2[1] .x) ;
cvmSet (xp,1,0,p2[1] .y);
cvmSet (xp,2,0,1) ;

// d(Hx, x')
cvMatMul (H, x, pt);
tmp pt.x = (int) (cvmGet (pt,0,0)/cvmGet (pt,2,0));



}

tmp pt.y = (int) (cvmGet (pt,1,0)/cvmGet (pt,2,0));

curr_dist = pow(tmp pt.x-p2[i].x
// d(x, invH x')
cvMatMul (invH, xp, pt);

tmp pt.x = (int) (cvmGet (pt,0,0)/cvmGet (pt,2,0));
tmp pt.y = (int) (cvmGet (pt,1,0)/cvmGet (pt,2,0));

curr _dist += pow(tmp pt.x-pl[i].x, 2.0) + pow(tmp pt.y-pll[i].y,

if (curr dist < T DIST) {
// an inlier
num_inlier++;
cvmSet (inlier mask,i,0,1);
cvmSet (dist,i,0,curr_dist)
sum_dist += curr dist;

}

// Compute the standard deviation of the distance

1

mean dist = sum _dist/(double)num inlier;

*dist std = 0;
for (i=0; i<num; i++)

if (cvmGet (inlier mask,i,0) == 1)

*dist std += pow(cvmGet (dist,i,0)-mean dist,2.0);

}

*dist std /= (double) (num inlier -1);

cvReleaseMat (&dist) ;
cvReleaseMat (&X) ;
cvReleaseMat (&xp) ;
cvReleaseMat (&pt) ;
cvReleaseMat (&invH) ;
return num inlier;

, 2.0) + pow(tmp pt.y-p2[il.y,

//*********************-k-k-k-k-k*-k******************************************

//
//
//
//
//
//
//
//
//
//
//
//

finding the normalization matrix x' = T*x, where T={s,O,tx, 0,s,ty, 0,0,l}
compute T such that the centroid of x' is the coordinate origin

and the average distance of x' to the origin is sqgrt(2)
we can derive that tx = -scale*mean(x), ty = -scale*mean(y),
scale = sqrt(2)/(sum(sqgrt((xi-mean (x)"2)+ (yi-mean(y))”2))/n)

where n is the total number of points
input: num (ttl number of pts)
p (pts to be normalized)
output: T (normalization matrix)
p (normalized pts)

NOTE: because of the normalization process,

has accurcy as "float" or "double"

instead of

n int n

(0,0)T

the pts coordinates should

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

void Normalization (int num, CvPoint2D64f *p, CvMat *T) {

double scale, tx, ty;

double meanx, meany;

double value;

int 1i;

CvMat *x = cvCreateMat (3,1,CV_64FC1);
CvMat *xp = cvCreateMat (3,1,CV_64FCl) ;

meanx = 0;

meany = 0;

for(i=0; i<num; i++)
meanx += pl[i].x;
meany += pli].y;

2.

2.

0);

0);



meanx /= (double)num;
meany /= (double)num;

value = 0;
for (i=0; i<num; i++)

value += sqgrt(pow(p[i] .x-meanx, 2.0) + pow(p[i].y-meany, 2.0));
value /= (double)num;

scale = sqgrt(2.0)/value;
tx = -scale * meanx;

ty = -scale * meany;
cvzero (T) ;
cvmSet (T, 0,0, scale) ;
cvmSet (T,0,2,tx) ;

cvmSet (T,1,1,scale) ;
cvmSet (T,1,2,ty) ;

cvmSet (T,2,2,1.0) ;
//Transform x' = T*x

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

cvmSet (x,0,0,p[i] .x);

cvmSet (x,1,0,pli] .y);
cvmSet (x,2,0,1.0) ;

cvMatMul (T, x, xp)

plil .x = cvmGet (

(

xp, 0,0) /cvmGet (xp, 2,0) ;
plil .y = cvmGet (x

p,1,0) /cvmGet (xp,2,0) ;

}

cvReleaseMat (&%) ;
cvReleaseMat (&xp) ;

}

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

// RANSAC algorithm
// input: num (ttl number of pts)

// ml, m2 (pts pairs)
// output: inlier mask (indicate inlier pts pairs in (ml, m2) as 1; outlier: 0)
// H (the best homography matrix)

//*-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************

void RANSAC homography (int num, CvPoint2D64f *ml, CvPoint2D64f *m2, CvMat *H, CvMat
*inlier mask) {
int 1,3;

int N = 1000, s = 4, sample cnt = 0;

double e, p = 0.99;

int numinlier, MAX num;

double curr dist std, dist std;

bool iscolinear;

CvPoint2D64f *curr ml = new CvPoint2Dé64f [s];

CvPoint2D64f *curr m2 = new CvPoint2D64f [s];

int *curr idx = new int[s];

CvMat *curr_ inlier mask = cvCreateMat (num,1,CV_64FC1) ;
CvMat *curr H = cvCreateMat (3,3,CV_64FCl) ;

CvMat *T1 = cvCreateMat (3,3,CV_64FCl) ;

CvMat *T2 = cvCreateMat(3,3,CV_64FCl) ;

CvMat *invT2 = cvCreateMat (3,3,CV_64FCl) ;

CvMat *tmp_pt = cvCreateMat (3,1,CV_64FCl) ;

// RANSAC algorithm (reject outliers and obtain the best H)
srand (134) ;
MAX num = -1;



while (N > sample cnt) {
// for a randomly chosen non-colinear correspondances
iscolinear = true;
while (iscolinear == true)
iscolinear = false;
for(i=0; i<s; i++){
// randomly select an index
curr idx[i] = rand() $num;
for(j=0; j<i; j++){
if (curr idx[i] == curr_ idx[j]){
iscolinear = true;
break;
}
}
if (iscolinear == true) break;
curr ml[i] .x = ml[curr idx[i]].x;
curr ml[i].y = ml[curr idx[il].y;
curr m2[i] .x = m2[curr idx[i]].x;
curr m2[i].y = m2[curr idx[i]].y;
}
// Check whether these points are colinear
if (iscolinear == false)
iscolinear = isColinear(s, curr ml);
}
// Nomalized DLT
Normalization(s, curr ml, T1l); //curr ml <- Tl * curr ml
Normalization(s, curr m2, T2); //curr m2 <- T2 * curr m2

// Compute the homography matrix H = invT2 * curr H * T1
ComputeH (s, curr ml, curr m2, curr_ H);

cvInvert (T2, invT2);
cvMatMul (invT2, curr H, curr H); // curr H <- invT2 * curr H
cvMatMul (curr H, T1l, curr_H); // curr H <- curr H * Tl

// Calculate the distance for each putative correspondence

// and compute the number of inliers

numinlier =
ComputeNumberOfInliers (num,ml,m2,curr H,curr inlier mask, &curr dist std);

// Update a better H
if (numinlier > MAX num || (numinlier == MAX num && curr_dist std <
dist_std)) {
MAX num = numinlier;
cvCopy (curr_H, H);
cvCopy (curr_inlier mask, inlier mask) ;
dist std = curr dist std;

}

// update number N by Algorithm 4.5

e = 1 - (double)numinlier / (double)num;
N = (int) (log(1l-p)/log(l-pow(l-e,s)));
sample cnt++;

}

// Optimal estimation using all the inliers
delete curr ml, curr m2, curr_ idx;
cvReleaseMat (&curr H) ;

cvReleaseMat (&T1) ;

cvReleaseMat (&T2) ;

cvReleaseMat (&invT2) ;
cvReleaseMat (&tmp pt) ;

cvReleaseMat (&curr_inlier mask) ;



}

[/ *xFk Kk xKkkkkk*k* transform images **kxkkkkkkkkkkkkkkkk

// input: img x (X), homography matrix H; original X'

// output:
// img interp: the transformed image under H (HX)
// img err: error image = img xp - HX

// return: MSE of the error image
//****************************************************

double Trans Images (IplImage* img x, IplImage* img xp, CvMat* H, IplImage*¥*

img interp, IplImage** img err) {
int i,3,k;
int curpi, curpj, count;
int height = img x->height, width = img x->width;
int channels = img x->nChannels, step = img x->widthStep;
double mse, msetmp, err;
int pixnum;
uchar *data tmp, *data xp, *data interp, *data err;
IplImage *img tmp;
img tmp = cvClonelImage (img x) ;
data xp = (uchar *)img xp->imageData;

CvMat *check = cvCreateMat (height, width, CV_64FC1) ;
CvMat *check avai = cvCreateMat (height, width, CV_64FC1l);
CvMat *ptxp = cvCreateMat (3,1,CV_64FC1) ;

CvMat *ptx = cvCreateMat (3,1,CV_64FCl);

cvZero (img tmp) ;

for (i=0; i<height; i++){ /]y - ver
for (j=0; j<width; j++){ //x - hor
// set X a

cvmSet (ptx, 0,0, (double)j) ;
cvmSet (ptx,1,0, (double)i);
cvmSet (ptx,2,0,1.0) ;

// compute X

cvMatMul (H, ptx, ptxp);

curpi = CLIP2(0, height-1, (int) (cvmGet (ptxp,1,0)/cvmGet (ptxp,2,0)));
curpj = CLIP2(0, width-1, (int) (cvmGet (ptxp,0,0)/cvmGet (ptxp,2,0)));

cvSet2D (img tmp, curpi, curpj, cvGet2D(img x,1i,3)) ;
cvmSet (check, curpi, curpj, 1) ;
}
}

cvCopy (check, check avai) ;

//interpolation
data_tmp = (uchar *)img tmp->imageData;
*img interp = cvClonelImage (img_ tmp) ;
data interp = (uchar *) (*img interp)->imageData;
for (i=1; i<height-1; i++){ //y - ver
for (j=1; j<width-1; j++){ //x - hor
if (cvmGet (check,i,j) == 0){

count = (cvmGet (check,i-

1,j)==1)+ (cvmGet (check,i+1,j)==1) + (cvmGet (check,i,j-1)==1) + (cvmGet (check,i, j+1)==1);

if (count != 0 ){
for (k=0; k<channels; k++)
data_interp[i*step+j*channels+k]
(int) ((data_tmp [ (i-

1) *step+j*channels+k] +data tmp[ (i+1) *step+j*channels+k]+data tmp[i*step+(]-

1) *channels+k] +data_tmp[i*step+ (j+1) *channels+k]) /count) ;
cvmSet (check avai,i,j,1);
}



}

*img err = cvClonelImage (*img interp) ;

data err = (uchar *) (*img err)->imageData;

mse = 0;

pixnum = 0;

// save error images (intensity I := I + 127 for display)
for (i=1; i<height-1; i++){ //y - ver

for (j=1; j<width-1; j++){ //x - hor
msetmp = 0;
for (k=0; k<channels; k++){ // for each channel
if (cvmGet (check_avai,i,j) == 1){ // available pixels

err = data xp[i*step+j*channels+k] -

data_ interp[i*step+j*channels+k];

}

data err[i*step+j*channels+k] = 127 + err;
msetmp += pow(err, 2.0);
}
else
data_err[i*step+j*channels+k] = 127;
}
if (cvmGet (check avai,i,j) == 1){
mse += msetmp / channels;
pixnum++;

}
}
mse /= pixnum;
cvReleaseMat (&ptx) ;
cvReleaseMat (&ptxp) ;
cvReleaseMat (&check) ;
cvReleaseMat (&check avai) ;
cvReleaseImage (&img_tmp) ;
return mse;

int main(int argc, char *argv[])

{

IplImage *img 1=0, *img 2=0, *gimg 1=0, *gimg 2=0;

IplImage *img show0, *img showl, *img show2, *img interp, *img err;
int height, width, step, channels;

int num 1, num 2, num matched;

int i,3j,count;

int ttlw, ttlh;

CvPoint newmatched;

CvPoint cornerpl [MAX CORNERPOINT NUM] ;

CvPoint cornerp2 [MAX CORNERPOINT NUM] ;

CvPoint2D64f matchedl [MAX CORNERPOINT NUM] ;

CvPoint2D64f matched2 [MAX CORNERPOINT NUM] ;

double inlierpl [MAX CORNERPOINT NUM] [2], inlierp2[MAX CORNERPOINT NUM] [2];
double msevalue;

// NOTE: because of the normalization process, the pts coordinates
// should has accurcy as "float" or "double" instead of "int"

if (argc<3)
printf ("Usage: main <image-file-name>\n\7") ;
exit (0) ;

}



// load the color imagel and image2

img 1 = cvLoadImage (argv[1l]);

if (timg 1) {
printf ("Could not load image file: %$s\n",argv[l]);
exit (0) ;

}

img 2 = cvLoadImage (argv[2]);

if (timg 2) {
printf ("Could not load image file: %$s\n",argv[2]);

exit (0) ;
}
height = img 1->height;
width = img 1->width;
step = img 1->widthStep;
channels = img 1->nChannels;

// create gray scale image

gimg 1 = cvCreateImage (cvSize(width,height), IPL DEPTH 8U, 1);

gimg 2 = cvCreateImage (cvSize(img 2->width,img 2->height), IPL DEPTH 8U, 1);
cvCvtColor (img 1, gimg 1, CV_BGR2GRAY) ;

cvCvtColor (img 2, gimg 2, CV_BGR2GRAY) ;

cvSmooth(gimg 1, gimg 1, CV_GAUSSIAN, 3, 3, 0);

cvSmooth (gimg 2, gimg 2, CV_GAUSSIAN, 3, 3, 0);

// detect corner

// corner points are stored in CvPoint cornerpl and cornerp2

num 1 = DetectCorner(gimg 1, cornerpl);

num 2 = DetectCorner (gimg 2, cornerp2) ;

printf ("number of corner points detected: %d %d\n", num 1, num 2);

// feature matching by NCC

// matched pairs are stored in CvPoint2D64f matchedl and matched2

num matched = CornerPointMatching NCC(gimg 1, gimg 2, cornerpl, num 1, cornerp2,
num_2, matchedl, matched2);

printf ("number of matched pairs: %d \n", num matched) ;

// generate a new image displaying the two images
ttlw 5+width+img 2->width;
ttlh = max(height,img 2->height) ;
// img_showl is the image showing the two images together
// with the corner point correspondence
img showl = cvCreateImage (cvSize (ttlw,ttlh), IPL DEPTH 8U, 3);
cvZero (img showl) ;
for(i=0; i<ttlh; i++){
for(j=0; j<ttlw; J++){
if (i<height && j<width)
cvSet2D (img showl,i,j,cvGet2D(img 1,1i,3));
else if (i<height && j>=width+5 && j<ttlw)
cvSet2D (img showl,i,j,cvGet2D(img 2,1i,j-width-5));

// img_show2 is the image showing the two images together
// and indicating the inliers and outliers
img show2 = cvCloneImage (img showl) ;

// generate corner detection results
// img _show0 shows the original images with detected corner points
img show0 = cvCloneImage (img 1) ;
for (i=0; i<num 1; i++)

cvCircle (img showO, cornerpl[i], 1, CV_RGB(0,255,0), 2, 8, 0);
cvSavelmage ("cornerpl.jpg", img showO) ;
img show0 = cvCloneImage (img 2) ;



for (i=0; i<num 2; i++)
cvCircle (img showO, cornerp2[i], 1, CV_RGB(0,255,0), 2, 8, 0);
cvSaveImage ("cornerp2.jpg", img showO) ;

// generate img showl
for(i=0; i<num matched; i++){
newmatched.x = (int)matched2[i] .x + width + 5;
newmatched.y = (int)matched2[i].y;
cvLine (img showl, cvPoint ((int)matchedl[i] .x, (int)matchedl[i].y), newmatched,
CV_RGB(rand() %255, rand () %255, rand () $255), 1, 8, 0);
cvCircle(img showl, cvPoint ((int)matchedl[i].x, (int)matchedl[i].y),1,
CV_RGB(0,255,0), 2, 8, 0);
cvCircle (img showl, newmatched, 1, CV_RGB(0,255,0), 2, 8, 0);
}

cvSavelmage ("NCC_result.jpg", img showl) ;

// RANSAC algorithm

CvMat *H = cvCreateMat (3,3,CV_64FC1) ;

CvMat *invH = cvCreateMat (3,3,CV_64FCl) ;

CvMat *inlier mask = cvCreateMat (num matched,1,CV_64FCl) ;

RANSAC homography (num matched, matchedl, matched2, H, inlier mask);

globs.num inlier = 0;
for(i=0; i<num matched; i++) {
newmatched.x = (int)matched2[i] .x + width + 5;
newmatched.y = (int)matched2[i] .y;
if (cvmGet (inlier mask,i,0) == 1){
// green points and lines show the inliers' correspondence
cvLine (img show2, cvPoint ((int)matchedl[i].x, (int)matchedl[i].y),
newmatched, CV_RGB(0,255,0),1, 8, 0);
cvCircle (img show2, cvPoint ((int)matchedl[i] .x, (int)matchedl[i].y), 1,
CV_RGB(0,255,0), 2, 8, 0);
cvCircle (img show2, newmatched, 1, CV_RGB(0,255,0), 2, 8, 0);
globs.num inlier++;
lelse{
// red points and lines show the inliers' correspondence
cvLine (img show2, cvPoint ((int)matchedl[i].x, (int)matchedl[i].y),
newmatched, CV_RGB(255,0,0),1, 8, 0);
cvCircle (img show2, cvPoint ((int)matchedl[i] .x, (int)matchedl[i].y), 1,
CV_RGB(255,0,0), 2, 8, 0);
cvCircle (img show2, newmatched, 1, CV_RGB(255,0,0), 2, 8, 0);
}
}

printf ("number of inlier: %d\n",globs.num_inlier) ;
cvSavelmage ("RANSAC result.jpg", img show2) ;

img interp = cvCreateImage (cvSize (width,height), IPL DEPTH 8U, 3);
img err = cvCreateImage (cvSize (width,height), IPL DEPTH 8U, 3);
// reconstructed homography using the best H computed from 4 pairs of points
cvIinvert (H, invH) ;

msevalue = Trans Images(img 2, img 1, invH, &img interp, &img err);
printf ("mse of X and invH*X' %f \n", msevalue) ;
cvSaveImage ("scene 4p a.jpg",img interp) ;
cvSaveImage ("scene 4p a err.jpg",img err);

msevalue = Trans Images(img 1, img 2, H, &img interp, &img err);
printf ("mse of X' and H*X %f \n", msevalue) ;
cvSavelmage ("scene 4p b.jpg",img interp) ;
cvSaveImage ("scene 4p b err.jpg",img err);

// compute distortion

// Estimate H based on all the inlier points
count = 0;



globs.inlierpl = inlierpl;

globs.inlierp2 = inlierp2;

for(i=0; i<num matched; i++) {

if (cvmGet (inlier mask,i,0) == 1){

globs.inlierpl [count] [0] =
globs.inlierpl [count] [1]
globs.inlierp2 [count] [0]
globs.inlierp2 [count++] [1]

matchedl [i] .x;
matchedl [i] .y;
matched2 [i] .x;
matched2 [i] .y;

}
}

ComputeH (globs.num inlier, globs.inlierpl, globs.inlierp2, H);

cvIinvert (H, invH) ;

msevalue = Trans Images(img 2, img 1, invH, &img interp, &img err);
printf ("mse of X and invH*X' %f \n", msevalue) ;

cvSavelmage ("scene inliers a.jpg",img interp) ;

cvSavelmage ("scene inliers a err.jpg",img err) ;

msevalue = Trans Images(img 1, img 2, H, &img interp, &img err);
printf ("mse of X' and H*X %$f \n", msevalue);

cvSavelmage ("scene inliers b.jpg",img interp) ;
cvSavelmage ("scene inliers b err.jpg",img err) ;

// LM algorithm

int ret;

double opts[LM OPTS SZ], info[LM INFO_ SZ];

opts[0]=LM_INIT MU; opts[l]=1E-12; opts[2]=1E-12; opts[3]=1E-15;

opts[4]=LM DIFF DELTA; // relevant only if the finite difference Jacobian
is used

void (*err) (double *p, double *hx, int m, int n, void *adata);
int IM m = 9, LM n = 4*globs.num _inlier;
double *x = (double *)malloc (LM n*sizeof (double)) ;
double *p = (double*)malloc(9*sizeof (double)) ;
for(i=0; 1<3; i++){
j = 3*i;
pljl = cvmGet (H,1i,0) ;
plj+1] = cvmGet(H,1,1);
plj+2] = cvmGet (H,1i,2);

for (i=0; i<globs.num inlier; i++) {

j o= 1<<2;
x[7] = globs.inlierpl[i] [0];
x[j+1] = globs.inlierpl[i] [1];
x[j+2] = globs.inlierp2[i] [0];
x[j+3] = globs.inlierp2[i] [1];
err = CalculateHomoDistFunc;
ret = dlevmar dif (err, p, x, LM m, LM n, 1000, opts, info, NULL, NULL, NULL) ;
Jacobian
printf ("distortion: %f %f\n", info[0], infol[1]);
printf ("LM algorithm iterations: %f \n", infol[5]);
for (i=0; 1<3; i++){
j = 3*i;
cvmSet (H,1i,0, pljl);
cvmSet (H,i,1, plj+1l);
cvmSet (H, 1,2, plj+2]1);
}
cvInvert (H, invH) ;
msevalue = Trans Images(img 2, img 1, invH, &img interp, &img err);

version

// no



printf ("mse of X and invH*X' %f \n", msevalue) ;

cvSavelmage ("scene inliers LM a.jpg",img interp) ;

cvSaveImage ("scene inliers LM a err.jpg",img err);

msevalue = Trans Images(img 1, img 2, H, &img interp, &img err);
printf ("mse of X' and H*X %f \n", msevalue);

cvSavelmage ("scene inliers LM b.jpg",img interp) ;

cvSavelmage ("scene inliers LM b err.jpg",img err) ;

// release
cvReleaseMat (&H) ;
cvReleaseMat (&invH) ;
cvReleaseMat (&inlier mask) ;
cvReleaseImage (&img 1) ;
cvReleaseImage (&img 2) ;
cvReleaseImage (&gimg 1) ;
cvReleaseImage (&gimg 2) ;
cvReleaseImage (&img showO) ;
cvReleaselImage (&img showl) ;
cvReleaselImage (&img show2) ;
return 0;
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