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Epipolar Constraint
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R Stsh 4 — AN FF 2 R D % 25 A s 1 7 S50 12 -

X

[x' y 1]F{y]=0 (35)

1

X B LA 8 o FE AR B FORAR IE) IR 7 —ANE s MM, F AT PLE sk B Fr 2 (8] 7
B EAERRER, HFOSHIANSER . RA WL ERAVEE SO A & IE R R &S
X o
6.2.2 iz B &5 IR E

XN e sl N, HRiH e — RPN R MNE, R A =R N
(B i i s i, ] DU B AR LA, BB 3 AT AN L Sh At 11, (R 2 i s s,
AR R 29 Fs .

26



Pipeline

¥ Y
Structure from Motion (SFM) Multi-view Stereo (MVS)
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By — BANIFERE
import cv2
import numpy as np
import matplotlib.pylab as plt

img = cv2.imread(/home/wfcola/tul.png’)
rows,cols,ch = img.shape

x=5000

ptsl = np.float32([[282,431],[295,427],[323,500],[348,491]])
pts2 = np.float32([[0+x,0+x],[15+x,0+x],[0+x,600+x],[15+x,600+x]])

M = cv2.getPerspective Transform(pts1,pts2)
dst = cv2.warpPerspective(img,M,(10000,10000))

cv2.imshow( 'dst', dst)
cv2.imwrite('/home/wfcola/Downloads/tul.jpg’, dst)

plt.subplot(121),plt.imshow(img),plt.title('Input’)
plt.subplot(122),plt.imshow(dst),plt.title(‘Output’)

cv2.waitKey(0)

MR PR KR EFENL

def distanceinpicture(task,x1,y1,x2,y2,left_top_x,left_top_y\
vanish_x1,vanish_y1,vanish_x2,vanish_y2,\

linein_pictruel,linein_pictrue2,linein_world=2.6,center_x=1000,center_y=750,):

if x1>2000:
x1 = x1-left_top_x
yl =vyl-left_top_y
if x2>2000:
x2 = x2-left_top_x
y2 = y2-left_top_y

vl_x = vanish_x1-left_top_x
vl _y =vanish_yl-left_top_y

v2_Xx = vanish_x2-left_top_x
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v2_y = vanish_y2-left_top_y
k,b =line(vl_x,vl_y,v2 X,v2_Y)
distance_ = line_distance(center_x,center_y,k,b)

v1i = ((point_distance(center_x,center_y,v1l_x,v1_y)**2-distance_**2))**0.5
v2i = ((point_distance(center_x,center_y,v2_x,v2_y)**2-distance_**2))**0.5
f = (vli*v2i-distance_**2)**0.5

print("f:",f)
HIHMLAL bR R

vl _ca=np.array([vl_x-center_x,v1_y-center_y,f])
v2_ca = np.array([v2_x-center_x,v2_y-center_y,f])
#print(vl_ca,v2_ca)

vl _ca_nor =vl1_ca/np.linalg.norm(vl_ca)
v2_ca_nor = v2_ca/np.linalg.norm(v2_ca)
#print(vl_ca_nor,v2_ca_nor)

v3_ca_nor =np.cross(vl_ca_nor,v2_ca_nor)
#print(v3_ca_nor)

R= np.array([vl_ca_nor[0],v2_ca_nor[0],v3_ca_nor[0],v1_ca nor[1]\
v2_ca_nor[1],v3_ca_nor[1],v1_ca nor[2],v2_ca_nor[2],v3_ca_nor[2]]).reshape(3,3)
print("R:\n",R)

I_world = linein_world

|_imgae_x1 = linein_pictruel[0]
|_imgae_yl =linein_pictruel[1]
|_imgae_x2_ = linein_pictrue2[0]
|_imgae_y2 = linein_pictrue2[1]

| _imgae x1=1_imgae x1 -left top x
| _imgae_yl =1 _imgae_yl -left top_ vy
#1_imgae z1=f

| _imgae x2 =1_imgae_x2_-left top_x
|_imgae_y2 =1_imgae_y2 -left top_y

|_imgae = np.linalg.norm(np.array([l_imgae_x1-l_imgae_x2,|_imgae_y1-l_imgae_y2])) #1 7£/&
BHKE
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|_=np.linalg.norm(np.array([vl_x-l_imgae_x2,v1_y-l_imgae_y2])) #1 LT
RENH R KR

I=np.linalg.norm(np.array([vl_x-center_x,v1_y-center y,f])) # IR
BIFHNLALR 2 s EE B

AB_ =1_imgae*l/l_

t = |_world*np.linalg.norm(np.array([l_imgae_x1-center_x,\
|_imgae_yl-center_y,f]))/AB_

t=t*np.array([l_imgae_x1-center_x,l_imgae_yl-center_y,f])/np.linalg.norm(np.array([l_imgae_x1-
center_x,1_imgae_yl-center_y,f]))

print("t:",t)

xiangjiyuandian = np.matmul(np.linalg.inv(R),-t)

print("AHALE £ xiangjiyuandian)

neican = np.array([f,0,center_x,0,0,f,center_y,0,0,0,1,0]).reshape(3,4)

waican = np.array([R[0][0],R[0][1],R[0][2],t[O],R[1][O]\
RI1][1],R[1][2].t[1],R[2][0],R[2][1],R[2][2] .t[2],0,0,0,1]).reshape(4,4)

canshu = np.matmul(neican,waican)

#print(“canshu:\n",canshu)

def find_xyw(x1,y1,wl,ul,vl,x2,y2,w2,u2,v2,x3,y3,w3,u3,v3,u,v,canshu=canshu):

z1 = np.matmul(canshu,np.array([x1,y1,w1,1]).reshape(4,1))[2]
z2 = np.matmul(canshu,np.array([x2,y2,w2,1]).reshape(4,1))[2]
23 = np.matmul(canshu,np.array([x3,y3,w3,1]).reshape(4,1))[2]
z_xishu = np.array([[ul,v1,1],[u2,v2,1],[u3,v3,1]])

z_zhi = np.array([z1,z2,z3])

S0 = solve(z_xishu,z_zhi)

#print(so)

z_ = so[0]*u+so[1]*v+s0[2]

#print(z1,z2,23)

k = (z1-z2)/(v1-v2)

b =z1-k*vl

z = k*v+b

print(*z:",z,z.)

xishu = np.array([canshu[0][:3],canshu[1][:3],canshu[2][:3]])

zhi = np.array([z*u-canshu[0][3],z*v-canshu[1][3],z-canshu[2][3]])
#print(np.linalg.norm(np.array(solve(xishu,zhi))))

return solve(xishu,zhi)

#print("distance:",np.linalg.norm(np.array([zuobiaol-zuobiao2])))
a = f*R[0][0] + center_x*R[2][0]
b = f*R[0][1] + center x*R[2][1]
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¢ = f*t[0] +center_x*t[2]
d = *R[1][0] + center_y*R[2][0]
e = f*R[1][1] + center_y*R[2][1]
f=1*t[1] + center_y*t[2]

A = d-R[2][0)/R[2][1]*e
B = b/R[2][1]*(t[2])-c

C = a - R[2][0)/R[2][1]*b
D = e/R[2][1]*(t[2])-F

defz__ (u,v):
return -(A*B-C*D)/(A*(u-b/R[2][1])-C*(v-e/R[2][1]))
def solve_world(z,u,v):
xishu = np.array([canshu[0][:3],canshu[1][:3],canshu[2][:3]])
zhi = np.array([z*u-canshu[0][3],z*v-canshu[1][3],z-canshu[2][3]])

return solve(xishu,zhi)
z1=z_ (x1yl)
print(*z:",z1)
worldl = solve_world(z1,x1,y1)
print(worldl)
22=2_ (x2,y2)
world2 = solve_world(z2,x2,y2)
print(world2)
#print([world1-world2])
print("distance:”,np.linalg.norm(np.array([world1-world2])))

if task == "1":
print("FE 25 4 5% . " xiangjiyuandian[0])
if task == "2":

x3 = 9804-left_top_x

y3 =10093-left_top_y

z3=z_ (x3,y3)

world3 = solve_world(z3,x3,y3)

print(world3)

print("distance:",np.linalg.norm(np.array([xiangjiyuandian-world3])))
if task == "3"

x3 = 9263-left_top_x

y3 =9875-left_top_y

z3=z_ (x3,y3)

world3 = solve_world(z3,x3,y3)

print(world3)

print("distance:",np.linalg.norm(np.array([xiangjiyuandian-world3])))

Bf s = HFAE AT IEHC S VLAS
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#include<iostream>
using namespace std;

/1 OpenCV FHAEAT AT

#include <opencv2/features2d/features2d.hpp>

I #include <opencv2/nonfree/nonfree.hpp> // use this if you want to use SIFT or SURF
#include <opencv2/calib3d/calib3d.hpp>

#include <opencv2/video/tracking.hpp>

#include <vector>

#include <opencv2/xfeatures2d.hpp>

#include <opencv2/highgui.hpp>

void KeyPointsToPoints(vector<cv::KeyPoint> kpts, vector<cv::Point2f> &pts);

bool refineMatchesWithHomography(
const std::vector<cv::KeyPoint>& queryKeypoints,
const std::vector<cv::KeyPoint>& trainKeypoints,
float reprojectionThreshold, std::vector<cv::DMatch>& matches,
cv::Mat& homography);

using namespace cv::xfeatures2d;

int main( int argc, char** argv )

{
Il FEHIFF A data ST BLEZEPIAS rgb 5 2 K]
cv::Mat rgb1 = cv::imread( "/home/wfcola/catkin_gu/photo/9.jpg™);
cv::Mat rgbh2 = cv::imread( "/home/wfcola/catkin_gu/photo/10.jpg™);

Il P RHE SR A S R T R IS
cv::Ptr<cv::FeatureDetector> detector;
cv::Ptr<cv::DescriptorExtractor> descriptor;
cv::Ptr<cv::FeatureDetector> sift ;

Il FIESEHLE:, BRI #Y ORB

Il WAL sift, surf , 2 BTEWIUG1E nonfree itk

/ cv::initModule_nonfree();

/I _detector = cv::FeatureDetector::create( "SIFT™);

I/l _descriptor = cv::DescriptorExtractor::create( "SIFT" );
sift = cv::xfeatures2d::SIFT::create();

detector = cv::ORB::create();

descriptor = cv::ORB::create();

vector< cv::KeyPoint > kpl, kp2; /5
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detector->detect( rgb1, kpl); //H2HUSE4E 5
detector->detect( rgh2, kp2 );

cout<<"Key points of two images: "<<kpl.size()<<", "<<kp2.size()<<endl;

I ATRAL, SRR O AT

cv::Mat imgShow;

cv::.drawKeypoints( rghl, kpl, imgShow, cv::Scalar::all(-1),
cv::DrawMatchesFlags::DRAW_RICH_KEYPOINTS);

cv::imshow( "keypoints", imgShow );

cv::imwrite( "/home/wfcola/slam_vo/keypoints.png”, imgShow );

I AIRAL, RO R

cv::Mat imgShow?2;

cv:.drawKeypoints( rgh2, kp2, imgShow?, cv::Scalar::all(-1),
cv::DrawMatchesFlags::DRAW_RICH_KEYPOINTS);

cv::imshow( "keypoints2", imgShow? );

cv::imwrite( "/home/wfcola/slam_vo/keypoints2.png"”, imgShow?2 );

cv::waitKey(0); /1B 15 S5 £ — AN 44kt

Il AR T

cv::Mat despl, desp2;
descriptor->compute( rgbl, kpl, despl );
descriptor->compute( rgh2, kp2, desp2 );

Il VCPC 4R

vector< cv::DMatch > matches;

cv::BFMatcher matcher;

matcher.match( despl, desp2, matches );

cout<<"Find total "<<matches.size()<<" matches."<<endl;

I AIAAG: S RULRC KRR

cv::Mat imgMatches;

cv::.drawMatches( rgb1, kpl, rgh2, kp2, matches, imgMatches );
cv::imshow( "matches”, imgMatches );

cv::imwrite( "/home/wfcola/slam_vo/matches.png”, imgMatches );
cv::waitKey( 0);

cv::Mat matHomo;

refineMatchesWithHomography(kpl, kp2, 3, matches, matHomo);
cout << "[Info] Homography T : " << matHomo << endl;

cout << "[Info] # of matches : " << matches.size() << endl;
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cv::Mat imResult;

drawMatches(rgbl, kpl, rgh2, kp2, matches, imResult,
CV_RGB(0,255,0), CV_RGB(0,255,0));

cv::imshow( "matches”, imResult );

cv::imwrite( "/home/wfcola/slam_vo/imResult.png”, imResult );

cv::waitKey( 0);

/AU O (Wt NP
113X FEASE P o D 2 2% 4K T DU % e /N RS A DL T
vector< cv::DMatch > goodMatches;
double minDis = 9999;
for ('size_t i=0; i<matches.size(); i++)
{
if ( matches]i].distance < minDis && matches][i].distance !'= 0)
minDis = matchesJi].distance;

}

cout<<"min dis = "<<minDis<<endl;

for ('size_t i=0; i<matches.size(); i++)
{
if (matches[i].distance < 4.0*minDis && matches]i].distance > 1.6*minDis)
goodMatches.push_back( matches[i] );

Il &7~ good matches

cout<<"good matches="<<goodMatches.size()<<endl;
cv:.:.drawMatches( rgb1, kpl, rgh2, kp2, goodMatches, imgMatches );
cv::imshow( "good matches", imgMatches );

cv::imwrite( "/home/wfcola/slam_vo/good_matches.png"”, imgMatches );
cv::waitKey(0);

I SR
vector<uchar> vstatus;
vector<float> verrs;

cv::Mat imOFKL = rgb1.clone();
vector<cv::Point2f> pointsl;
vector<cv::Point2f> points2;

for ( size_t i=0; i<goodMatches.size(); i++)

{

pointsl.push_back (kpl[goodMatches[i].queryldx].pt);
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points2.push_back (kp2[goodMatches[i].trainldx].pt );

cv::line(imOFKL, kpl[goodMatches[i].queryldx].pt, kp2[goodMatches]i].trainldx].pt,

CV_RGB(255,0,0), 1, 8, 0);

cv::circle(imOFKL, kp2[goodMatches[i].trainldx].pt, 3, CV_RGB(255,0,0), 1, 8, 0);

}

vector<float> speed,;

inta=0;

for ( size_t i=0; i<goodMatches.size(); i++)

{

a = sqrt( (points1[i].x - points2[i].x)*(points1[i].x - points2[i].x) + (points1[il.y -

points2[i].y)*(pointsl[i].y - points2[il.y ) ) *0.35732342;

speed.push_back(sqrt( (pointsl[i]l.x - points2[i].x)*(points1[i].x - points2[i].x) +

(points1[i].y - points2[i].y)*(pointsl[i].y - points2[i]ly ) ) *0.35732342 );

cout<<"speed ="<< sqrt( (points1[i].x - points2[i].x)*(points1[i].x - points2[i].x) +

(points1[i].y - points2[i].y)*(pointsl[i].y - points2[i]l.y ) ) *0.35732342 <<endl;

*/

}
/-k
KeyPointsToPoints(kpl, pointsl);

cv::calcOpticalFlowPyrLK(rgbl, rgh2, pointsl, points2, vstatus, verrs);
for (inti=0; i < vstatus.size(); i++) {
if (vstatus[i] && verrs[i] < 15) {

cv::line(imOFKL, pointsi[i], points2[i], CV_RGB(255,255,255), 1, 8, 0);
cv::circle(imOFKL, points2[i], 3, CV_RGB(255,255,255), 1, 8, 0);

cv::imshow( "OFKL : ", imOFKL);
cv::imwrite( "/home/wfcola/slam_vo/imOFKL.png", imOFKL );

cv::waitKey(0);

return O;

bool refineMatchesWithHomography(
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const std::vector<cv::KeyPoint>& queryKeypoints,

const std::vector<cv::KeyPoint>& trainKeypoints,

float reprojectionThreshold, std::vector<cv::DMatch>& matches,
cv::Mat& homography)

const int minNumberMatchesAllowed = 8;

if (matches.size() < minNumberMatchesAllowed)
return false;

Il Prepare data for cv::findHomography
std::vector<cv::Point2f> srcPoints(matches.size());
std::vector<cv::Point2f> dstPoints(matches.size());

for (size_ti = 0; i < matches.size(); i++) {
srcPoints[i] = trainKeypoints[matches[i].trainldx].pt;
dstPoints[i] = queryKeypoints[matches[i].queryldx].pt;

/I Find homography matrix and get inliers mask

std::vector<unsigned char> inliersMask(srcPoints.size());

homography = cv::findHomography(srcPoints, dstPoints, CV_FM_RANSAC,
reprojectionThreshold, inliersMask);

std::vector<cv::DMatch> inliers;
for (size_ti =0; i < inliersMask.size(); i++) {
if (inliersMaskK[i])
inliers.push_back(matches[i]);

matches.swap(inliers);
return matches.size() > minNumberMatchesAllowed,;

void KeyPointsToPoints(vector<cv::KeyPoint> kpts, vector<cv::Point2f> &pts)

{
for (inti=0;i<kpts.size(); i++) {
pts.push_back(kpts[i].pt);

return;
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