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Epipolar geometry

(Two-view geometry)
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Essential matrix
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Fundamental matrix
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Fundamental matrixD#E
8-point algorithm
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Fundamental matrix®#E

fundM.py

if desc@ != None:
# Match the saved and the latest kp's

matches = bf.match(descO, desc)
src_pts = numpy.float32([ kpO[m.queryIdx].pt \

for m in matches ]).reshape(-1,1,2)
dst_pts = numpy.float32([ kp[m.trainIdx].pt \

for m in matches ]).reshape(-1,1,2)
F, mask = cv2.findFundamentalMat(src_pts, dst pts,

\cv2.FM_LMEDS)
key = cv2.waitKey(10)

if key == Ox1b: # ESC
cv2.imwrite('imgl.png', image)
numpy.savetxt('fundM.txt', F)
break

elif key == 0x20:
desc® = desc.copy()
kpo = kp[:]
cv2.imwrite('img@.png', image)
print 'Target updated!’

Space > £ 1fim - ESC > F£2#im, fundM.txt ICtE—7




Fundamental matrix
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Epipolar line

epi_line.
def on_mouse(event, x, y, flags, param): PL Py

if event == cv2.EVENT_MOUSEMOVE:
1 = F.dot(numpy.array((x,y,1)))
w = imgl.shape[1]
imglc = imgl.copy()
cv2.line(imglc, (0,int(-1[2]/1[1])),\
(w,int((-1[2]-1[@]*w)/1[1])), (@,0,255))
cv2.imshow('Image 1', imglc)

cv2.namedWindow('Image 0"')
cv2.setMouseCallback('Image ©', on_mouse)

imgd = cv2.imread('img@.png')
imgl = cv2.imread('imgl.png')
imglc = imgl.copy()

F = numpy.loadtxt('fundM.txt")
cv2.imshow('Image @', imgo)
cv2.imshow('Image 1', imglc)

while 1:
key = cv2.waitKey(10)

if key == Ox1b: # ESC
break




Essential matrix® 4 &
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Essential matrix® 4 &

import numpy, cv2

decompE.py

def decompose E(E):

if name_ =="_ main__ ":

U, s, Vt = numpy.linalg.svd(E)

print 'singluar value = ', s

W = numpy.array([[e,-1,0],[1,0,0],[0,0,1]])
RO=U.dot(W).dot(Vt) # UWVt
R1=U.dot(W.transpose()).dot(Vt) # UWVt
t=U[:,2] # u3
Rt_list=((R@,t), (RO, -t),(R1,t),(R1,-t))
return Rt _list

F = numpy.loadtxt('fundM.txt")

K = numpy.loadtxt('K.txt")

E = (K.transpose().dot(F)).dot(K)
Rt list = decompose E(E)

print Rt _list
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Triangulation
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Triangulation

F = numpy.loadtxt('fundM.txt")

K = numpy.loadtxt('K.txt")

pts@ = numpy.loadtxt('pts@.txt').transpose()
ptsl = numpy.loadtxt('ptsl.txt').transpose()

E = (K.transpose().dot(F)).dot(K)
Rt list = decompE.decompose E(E)
PO = numpy.array([[1,0,0,0],[0,1,0,0],[0,0,1,0]])
PO = K.dot(PO)
for i in range(4):
Plc = numpy.zeros((3,4))
P1c[@:3,0:3] = Rt_list[i][@]
Plc[:,3] = Rt_list[i][1]
P1 = K.dot(P1c)
print 'Pl=', P1
pts3d = cv2.triangulatePoints(P@, P1, pts@, ptsl)
pts3d = pts3d/pts3d[3,:] # normalize
pts3d 1 = Plc.dot(pts3d) # X'=RX+t
#print pts3d[2,:]
print numpy.median(pts3d[2,:])
print numpy.median(pts3d 1[2,:])

triangulate.py
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Structure-from-Motion (SfM)
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Image formation model

INPUT: OUTPUT:
m image coordinates X5 X PZ-Xj n point coordinates
of the n points m camera info.

Xij = |Tij, Yig]




DA FETFTIV (revisited)
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Image coordinates 1 & 3D coordinates
Internal parameters External parameters
(focal length etc.) (=camera poses)
“What camera?”’ “From where?”
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3m

fgZ7 (Factorization)

Known Unknown Unknown

XijO(Pf,;Xj
(i=1,....m, 7=1,...,n)
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A large number of data Unknowns



A EM : Projective ambiguity
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Affine camera
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— IE84%¥ : orthographic projection, telecentric lens
“scaled orthographic projection”
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Affine camera
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— Tomasi-Kanade®factorization method [1992]
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Affine factorization
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Affine factorization

« MatlabTOETHRAE

>> Y=load( ‘M. txt’);

[001] 1.000000e-01
[002] 1.000000e-02
[003] 1.000000e-03
[125] 1.000000e-04
[126] 1.000000e-05
[127] 1.000000e-06
[128] 1.000000e-07
>> plot3(U(:,1),U(:
>> axis equal

4

6
6
6
6

>> mask=load( ‘mask.txt’);
>> [U,V]=damped_wiberg(Y, mask, 4)
.574572e+08
9.
6.

673768e+07
650256e+07

.263656e+03
.237914e+03
.237883e+03
.237882e+03
»2),U(:,3),.9)
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