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-Orthogonal

-Missing data

-Projective

-Projective with missing data
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2.The diagonal entries of the stretcher matrix are called the "singular values of
A".
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~ ~ Epipolar geometry and fundamental matrix
A.fE /T epipolar geometry :
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B. Fundamental matrix F :
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0. F is unique 3*3 with rank 2 matrix which satisfies (A) for all x and x’
1. Transpose: if F is fundamental matrix for (P,P’), then FT is fundamental matrix
for (P’,P)
2. Epipolar lines: '=Fx & I=FTx’
3. Epipoles: on all epipolar lines, thus e’ TFx=0, Vx =¢’TF=0, similarly Fe=0
4. F has 7 d.o.f. , i.e. 3x3-1(homogeneous)-1(rank2)
5. F is a correlation, projective mapping from a point x to a line I’=Fx (not a proper

correlation, i.e. not invertible)

C. Find fundamental matrix F
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ELF f11 f12 f13

F= le fzz f23
f31 f32 fss

Because F is of rank 2,50 we can use only 8 pair match points
8-point algorithm :

S
Jia
_ulul' vu,” u’  uwyv, vy, v, u v 1] Ji

o
S [=0
Jos
e Valdy n Wno VaVn o Vi n Vn 1.
Jx
| /33

Uu, Vo, U, Uy, vv, v, u, v, 1




£33 F RS 1> [NEE rank=2 -

[l F5 2] 7 A2 match points (£ * B= s H[[F i fundamental matrix F o

PNES F kL rank=2 Y matrix > fﬁ'J F>3V~ F > ' minimizes |[F-F’|| subject to

det(F*)=0 o
VRS SVD TR F 5T = (I VSR

i (6, 0 0]
=0 o, O
0 0 oy
A o, 0 0]
X'=10 o, 0
0 0 0
P 5 B %]

F'=UZ'V'

RS TR Y R

8-piont algorithm [*J |§'{—3{B—‘HF :
RN ER 2 A 5 S ]
i o pABL noise FITRYAY

b= {4 3E © Normalized 8-point algorithm
Whatis “normalized” ??
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How to implement normalized 8-point algorithm?

1. A Al . '

2. call 8-point on ﬁi R ﬁi to obtain F
T N

. F=T"FT

= ~ Structure from motion

FIES 3T > “4[lL [ automatic camera tracking or match moving(#f ™|+ ?ﬁ% 2]

2D feature 3D estimation optimization geometry
tracking | (bundle adjust) fitting
SFM pipeline

Step 1 - Track feature
F*HIKLT tracking G5 )
SIFT(F N i)
Step 2 - Estimate motion and structure
(e = = EI focus T}iﬁfﬁij
Step 3 : Refine estimation(bundle adjustment)
RS 0 R PO 3 Pt
Step 4 : Recover surfaces
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Factorization methods -
SEFM under orthographic projection -

q - 2*1 » 2D image point
7+ 2%3 > orthographic projection matrix
p - 3*1 » 3D 1mage point

t © 2*1 » 1image offset

2§ 2D ~ 3D point
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Factorization
Projection of n features in one image :

[‘h q, - qn]:H[pl P

2xn 2x3 3xn

Projection of n features in m images :
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