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Bob from Alice’s view

Epipolar constraint between two images:

1. A point, u, in Bob’s image corresponds to an
epipolar line 1, in Alice’s image.
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Epipolar line

Bob’s image \ Alice’s image
Bob from Alice’s view

Epipolar constraint between two images:

1. A point, u, in Bob’s image corresponds to an
epipolar line 1, in Alice’s image.

2. The epipolar line passes the corresponding
point in Alice’s image, v: v, =0

3. Any point along the epipolar line can be a
candidate of correspondences.
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Bob’s image / Alice’s image
Alice from Bob’s view

Epipolar constraint between two images:

1. A point, u, in Bob’s image corresponds to an
epipolar line 1, in Alice’s image.

2. The epipolar line passes the corresponding
point in Alice’s image, v: V'l =0

3. Any point along the epipolar line can be a
candidate of correspondences.
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Bob’s image / Alice’s image
Alice from Bob’s view
v Epipolar constraint between two images:
B2 1. A point, u, in Bob’s image corresponds to an
\ L epipolar line 1, in Alice’s image.

2. The epipolar line passes the corresponding
point in Alice’s image, v: v, =0

3. Any point along the epipolar line can be a
candidate of correspondences.
Bob Alice 4. Epiploar lines meet at the epipole: ¢l =0 e | =0
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Epipolar plane
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o X

Epipolar plane

Bob Pbob = K[|3 03><‘|:| Palice = K|:R t] Alice

vV

| =Fv
|
Fundamental matrix

u'Fv=0
where F=K'[ t] RK”

Fundamental matrix




FUNDAMENTAL MATRIX

o X
Epipolar plane I
u
- Rt
Bob P = K[|3 03><‘|:| Pice = K[R t] Alice

|, =F'v
u
Bob’s image Alice’s image
vl,=v'K'[t| RK'u=0
Common for all points
=Vv'Fu=0
=v'(Fu)=u' (FTV) =0



FUNDAMENTAL MATRIX

o X

Bob’s image Alice’s image

7 Vi, =v'K'[t]| RK'u=0

d ~——7 7 Common for all points
\ . =Vv'Fu=0
f/? T =v' (Fu) = uT(FTv) 0
Bob

Pbob = K[I3 03><1:| Palice = K|:R t:' Alice
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Bob’s image Alice’s image

Vi, =v'K'[t]| RK'u=0

U(/Z Common for all points
. =Vv'Fu=0
/? f T =v'(Fu)=u' (FTV)

Bob Pbob = K[|3 03><‘|:| Palice = K|:R t] Alice
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o X

Bob’s image Alice’s image

Vi, =v'K'[t]| RK'u=0

y
'\ Common for all points
. =Vv'Fu=0
/? T =v' (Fu) :uT(FTv) 0

Bob Pbob = K[|3 03><1:| Palice = K|:R t] Alice




FUNDAMENTAL MATRIX

o X
Bob’s image Alice’s image
Properties of Fundamental Matrix
y vV « Transpose: if F is for Pes, Paice, then FT is for Paice, Poos.
 WPe
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FUNDAMENTAL MATRIX

o X
Bob’s image Alice’s image
Properties of Fundamental Matrix
y vV « Transpose: if F is for Pes, Paice, then FT is for Paice, Poos.
l,=Fu 1, =F'v
* Epipolar line:
 Fe

ebob

Bob Pbob = K[|3 03><1:| Palice = K|:R t] Alice



FUNDAMENTAL MATRIX

o X

alice
ebob

Bob’s image Alice’s image
Properties of Fundamental Matrix
Vv * Transpose: if F is for Pow, Paice, then FTis for Paice, Pooo.

* Epipolar line:

I Fe,,=0 F'e

alice — 0
B’ * Epipole: --vIFe, =0, uF'e

bob —

e
bob ~0 Vi

alice

—» ¢, =nullF), e,, =null(F")

alice

Bob Pbob = K[|3 03><‘|:| Palice = K|:R t] Alice



FUNDAMENTAL MATRIX

o X
ebob eaIice
Bob’s image Alice’s image
Properties of Fundamental Matrix
y vV » Transpose: if F is for Pes, Paice, then FT is for Paice, Pros.
l,=Fu I, =F'v
* Epipolar line:
/| Febob =0 FTealice =0
€oot Caiice * Epipole:
* rank(F)=2:

Bob 8 P =K[l; 0., ] P =KR t]™ aice DoF 9 (3x3 matrix)-1 (scale)-1 (rank)=7
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Forward motion
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Lateral motion
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2D CORRESPONDENCE

Bob’s image Alice’s image
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Bob’s image Alice’s image

v'Fu=0



2D CORRESPONDENCE

Bob™~__~7  Alice
F =F(R,t) Bob’s image Alice’s image

=K"[t] RK’ VFu=0
How to compute fundamental matrix?



8 Point Algorithm (Longuet-Higgins, Nature 1981)

A computer algorithm for
reconstructing
a scene from two projections

H. C. Longuet-Higgins

Laboratory of Experimental Psychology, University of Sussex,
Brighton BN1 9QG, UK

A simple algorithm for computing the three-dimensiona
ture of a scene from a correlated pair of perspective proj
is described here, when the spatial relationshlp between |
projections is unlmown This problem is relevant not (
photographic surveying' but also to binocular viston?, wh
non-visual mformatlon avanlable to the observer ab(
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Bobf v'Fu=0 Ei Alice



FUNDAMENTAL MATRIX ESTIMATION

o f
F= f21 f22 j

23

Ty hy

Vv Degree of freedom of fundamental matrix:

Bob vFu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

o fy Ty
F= f21 f22 f23
by by Ty
u oV Degree of freedom of fundamental matrix:
ooy~ | B 7 =9 (3x3 matrix) — 1(scale) — 1 (rank 2)
- 1l We will estimate fundamental matrix with 8

parameter by ignoring rank constraint and then
project onto rank 2 matrix:

Bob v'Fu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

by By L
VTFUZ[VX v ﬂ fm fzz f23

fy by L
T ?
Bobf v Fu=0 Alice
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FUNDAMENTAL MATRIX ESTIMATION

A
vTFu:[vX v 1} b £, by llU

S|

— XX Yy X X XY Yy y X y
= UV LUV BV HEUYV B0V LV U U+

=0 linearin F.

Bob vFu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

b By ||t
vTFu:[vX v 1} b f, £V
by by o] 1)
=f UV +EUV HEV UV DUV B R U+

=0 LinearinF. -

1

.li/”». V ﬁ?

f

o by

=T | — [uxvX vtV eyt ot 1} f, |=0

by

fy

# of unknowns: 9 /

32

TEy = . # of equations per correspondence: |

Bob vFu=0 Alice AUAIonS P P )




FUNDAMENTAL MATRIX ESTIMATION

X vTFu:[vX v 1} b £, by llU
b fp B 1)

— XX Yy X X XY Yy y X y
= UV LUV BV HEUYV B0V LV U U+

=0 Linear in F.
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FUNDAMENTAL MATRIX ESTIMATION

b By ||t
X vTFu:[vX v 1} b f, £V
by by o] 1)
=f UV +EUV HEV UV DUV B R U+
=0 Linear in F.
L/’—). v
R o
o<— T 7

- A X-0

g What is minimum m?
Bob VFu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

X
A X 0
The solution is not necessarily satisfy rank 2
u e v constraint.
# °
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Bob vFu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

X
A X 0
The solution is not necessarily satisfy rank 2.
L _————"
.(_/_). ’;1 é2 f13 T
e < o > a0 f21 fzz f23 = U . v
.(’____/i—i—,’ fy by Ty

Bob v'Fu=0 Alice



FUNDAMENTAL MATRIX ESTIMATION

X
A X 0
The solution is not necessarily satisfy rank.
v
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Bob vFu=0 Alice SVD cleanup
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