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i Stereo Set-up
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i Epipolar geometry

Corresponding point
of X in the right
image lies on I',

€< epipolar line
- forx

From Hartley and Zisserman, “Multiple view geometry in
computer vision”, Cambridge Univ. Press (2000)



iEpipoIar geometry

N

baseline

All points on n projectonland I’

From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)



Epipolar geometry

+

Epipoles e,e’

= intersection of baseline with image plane

= projection of projection center in other image
= vanishing point of camera motion direction

An epipolar plane: plane containing baseline (1-D
family)

An epipolar line: intersection of epipolar plane with
image (always come in corresponding pairs)



Epipolar geometry
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Family of planes ® and lines | and |

Intersection in e and €’

From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)



Example: converging

icameras

From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)



Example: motion parallel with
‘_h image plane

n'/ l’,’
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From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)
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i Geometry —ey & 0
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Fundamental
Matrix: F
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Epipolar Geometry " = Fx
e = PC’
/\X e’ =P'C
e =—KR"t = KR"t

_______ \ e =K't

T AT

' = Fx

—if ’ C’ = x'Tl' =0

P=K[I]|0]
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P=K[I[]| 0
Fundamental and 101

_ _ P=K’[R | 1]
i Essential Matrices
F = [e'],.P'P*
— [K't] K'RK
Say, P=[I| 0], i.e. K=I F =[m].M

P=K’[R | f]=[K’R | K'f]=[M | m]

forK=1 and K' =1, 5=[t]xR
Essential Matrix (£)



iEx.l

= Consider the following stereo imaging
matrices given by P =[I|0] (ref. camera)
and P’as follows.

P’ =

— 00 W
SIS

N N O
- 0 A

Compute the fundamental matrix of the system.
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iEx.Z

= Consider the following stereo imaging
matrices given by P (ref. camera) and P".

3 2 4 =2 3 8 5 27
P=|8 6 0 4 PP=12 7 6 -3
9 5 7 3. 6 4 9 8.

(a) Compute the fundamental matrix of the system.

(b) Given an image point (15,20) of the reference
camera (P), compute the epipolar line and its two
end image points of P’



3 2 4 =2 3 8 §5 2
P=|8 6 0 4| PP=|2 7 6 -3
2 ? 5 7‘—?—’ 6 4 9 8
iAnS- (a) M p4 M’
i 42 6 =24
— _ -1 1
¢=-M"p M1l=—-—|-56 —15 32
42
—132- —14 3 2
c_[C]_L]| 148 26.23 e
_[1 =272| 46 | e'=P'C=12194|=13.09]|1.67
L1 13.09 1]
933 207 —4.62]
H,=MM"1 =) Hx=]933 178 —4.48
233 —0.07 —0.05.
F = [e’]xHoc
—541 —191 440
0 -1 167
le']«=| 1 0 =2 F=14.67 2.21 —4.52]
’ —1.67 2 0 2.99 0.09 -1.19



(b) Given an image point (15,20) of the reference camera (P),
compute the epipolar line and its two end image points of P’

—541 —-191 4.40
Ans. 2(b) iz ]

4.67 221 —4.52
2.99 0.09 -1.19

JIA
151 [—114.92 —2.53
X, [=F|20]= 109.76]5[2.42]
/\ 1 45.44 1
15
1

=19.33 1.78 —4.48
233 —-0.07 -0.05

176.81 5.27
= 1171.24 511

33.52

9.33 2.07 —4.62]



Fundamental Matrix:
i Properties

xTFx =xTFlx' =0,v(x',x)

Transpose:
If Fis fundamental matrix of (P.P’), FT for (P’P).

Epipolar lines: For x, epipolar line I'=Fx. —fisa
For x’, epipolar line I=FTx’. fgaer!it'on'
. deficient.
Epipoles: e'" (Fx) = eT(FTx') = (Fe)Tx' =0 5 I,i,;fgt
e’TF=0 =» €' is left NULL vector of F. does not
Fe=0 => e is the right NULL vector of F. exit
Rank deficient:

det(F)=0 and F is a projective element = 7 d.o.f.



iEx.B

= Consider the following fundamental matrix.

20 12 0
F=1] 8 —7 59
- —4 33 —-177.

a) Given two points (5,8) and (7,-5) in the left
image compute the corresponding epipolar lines
in the right image.

b) Compute the right epipole.

c) Compute the left epipole.



I|2

20 12
F=| 8 —7
- —4 33 —-177.

172 57 AT

80 150 -370]7

= ex=l; x|, =[-21240 63720 21240]"
=[-1 317"

o e = Right zero of F




F =

i Ans.3 (contd.)
= Right zero of F

20 12 0 7
F=] 8 —7 59
L —4 —177.

20 127 59][ ]_0

el =15 51 [sl=[3]

20

8

| —4

12 0
-7 59
33 —177.




F =

i Ans.3 (contd.)

0 ezx= Right zero of F'

20
FT =| 12
. 0

8  —4 -
-7 33
59 —177.

20

8

| —4

12 -7 33[ ]_O

el =-[1 %1 a0

12 0
-7 59
33 —177.




[II ]/ X é K’[R | {]
i Essential Matrlx SN

A

Stereo geometry for calibrated cameras.

—K 4
x.= Klx xTEx =0 /x R
\ Coordinates in calibrated + TFx=0

image planes. >(K % YTF(Kx,.)=0
E=KTFK E=[1] R >/ TK TFKx ~0
F=K*TEK! 2>x (K"FK)x,=0
=K*“"[f],R K'' 6 parameters _ i
E/' iec_lflclz;:_o
d.o.f.=5 an.

det(£)=0



i Pure translation

camera translation ||’ 0 0 O
F=[e],K'IK" to x-axis, ¢’=[1 0 0]T 2>F=|0 0 —1]
=[¢'], KK 01 0
T .
For K=K/ F=[e’], :))X,ZF =0
0 —e;, ey Yy
le']lx = ez 0 —€x
—ey ey 0




Pure Translation:
Computing Depth

~—_

(0,0,0) C e

For K=K’ P=K[I| 0]
ZK'x' —x)=(X+t)-X=¢t '~ [8
Kt Kt

E>x =x+7 :> Z:X’




Pure Translation:
Computing Depth

-
~<
=<

I T SN E
X=X (0,00) C o
P=K[I| 0] [

t =

Cx
0
0

} P=K"[I|1{]



General Motion x® =K{R|0}X

=K R[1|01X
—K RK-IK[1|01X
‘.h of Camera “KRKA
H=KRK
Rotational || stereo 2 Kt
Homography /T.\\ y X =Tt
= K'RK~x + —

P(Z)-K [RI0] |~ P=K’[R|{]
K't
x' —K'RK 1x
From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)




General Motion *® =K[R|0JX

=KR[1|01X
f mer =KRK-K[I|01X
| of Camera oy

K't

H=KRK"! '=x@ 4+ —

Rotational ||’ stereo ¥ =X F 7
F 4 K't
Homography : /’Ta\\ = KRK~x +—

| ' ’

P=K’[R | {]

K't

7 =
x' — KRK 1x

From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)



iEx.4

= Consider a stereo set-up with P and P’
(camera matrices for left and right camera)

as given below.

6
P=10
L0

S O O

0
0
1

oo g

Pl

6
0
0

S O O

0 10
0 O
1 0

If the image coordinates of a 3-D point are
(6,8) and (9.33,8) in left and right cameras,
compute its depth (z-coordinate) in the 3D.




i Ans. 4

= P=K[I|0] and P’=K([I|t]

6 0 0 10/6°
K=[0 6 0 t=| 0
0 0 1. 0

s X'=Xx+(Kt)/Z
s /=(6x10/6)/(X"-X)
=10/(9.33-6)=3




Estimation of fu fiz fis

: F=\fa1 fa2 fa3

{undamental Matrix o far far
X' Fx =0

X'Xf X Y X s+ YV X Y Yo Y [t X+t f55=0

-x'x’x'y’x"y'x’y'y’y'9x9y91][ﬁ19f129f139f219f229f239f319f329f33]T — O

' '

A X x'l.Jﬁ A y'l.xl y'1.y1 y.'l Moo 1
: ; ' ; : ; . f=0

X, %, X, Y, X yux, Yy, v, X%y, 1
Solution up to scale. Af =
Minimum 8 point correspondences.

Use of DLT (for 7 point correspondences from linear
combination of smallest and second smallest eigen vectors.

-

O O O |



Estimation of

iFundamentaI Matrix

LR AR ' SR SR 1) R 1 2 S 2 R ¢ B
XoXo' VaXo' Xy XpYy YVoVa Vo Xy YV
S S N I S S N 0 S R S
~10000 ~10000 ~100 ~10000 ~10000 ~100 ~100 ~100

Orders of magnitude difference
Between column of data matrix
— least-squares yield poor results

Ji
J12
J13
J21
J2
J23
/31
/32

| /33




The normalized 8-
point algorithm

Transform image to
N[-lll] X [_111] 2

(0,500 (700,500)

(0,0) (700,0)

Least squares yields good results
(Hartley, PAMI " 97)



The singularity
i constraint

detF =0 rank F=2

SVD from linearly computed F matrix (rank 3)

0,
F=U

O,

F-F

O

F

V= UIGIVIT + U2(52V2T + U3c53V3T

Compute closest rank-2 approximation

F'=U

O,

G,

0

V'=Ugo V' +U,,V,



The singularity
i constraint

Singular
. 4
Nonsingular 7

. \\\\\

Non-singular F causes epipolar lines not converging.

From Hartley and Zisserman, “Multiple view geometry in computer
vision”, Cambridge Univ. Press (2000)



The singularity constraint
i for Essential Matrix

det(£)=0
Estimate £ by any of the techniques used for F.

Perform SVD of E.
E=UDVT Where D=diag(a,b,c) a=b = ¢

For essential matrix, two singular values are the same.

) _ -~ (a+b a+b
— F = UDVT where D =( > ' o ,O)



The minimum case — 7
i point correspondences

x'1.x1 1)’1 x.'l J’1x1 J’1J/1 yl Mo N 1

_x'7 X, X,y X5 yhx J/7 V7 J/7 X, y, |
. T
A=U, diag (61 yeees O ,O,O)Vgx9

Last two F,,F,=> Eigen vectors corresponding

column to two zero’s. The solution is F;+AF,
vectors of V
also provide  But F;+AF, not automatically rank 2.

F1 and F2.
Solve for A from det( F;+AF,) =0.
As it is a cubic polynomial, there are 1 or 3 solutions.



Parametric
:hrepresentation of F

Over parameterization: F=[t],M = {t M} - 12 params.
Epipolar parameterization:

F =

Ko b aa+ﬁb' {an;C;d;e;f;a;ﬂ}
c d ac+pfd : _ T
Left epipole e = |« —1
e f ac+tBf pip la B ]
Both epipoles as parameters  {a,b,c,d,a,pB,a’, 8’}
. a b aa + Bb
C d ac + pd

F =

a'a+pf'c a'b+p'd aa’'at+af’c+a'fb+pp'd

Epipoles e=[a B —1|" e'=[a B -1




imatrices from F

Retrieving the camera r/ X

O

O O O O

F only depends on projective properties of P and
P’
Independent of choice of world frame.
(PP") = F (unigue)
> (BP) (?)
Given a homography H (4x4 non-singular matrix)
in P3, if (PP) > F,. then (PH,P'H)> F.
Proof: PX €2 PX
2 (PH)(H'X) €2 (PH) (H'X)
F does not uniquely map to (P.P).



Retrieving the camera _/ X /

imatrices from F

o P=[I|0]& P=[M|m] > F=[m] M.

o If F derived from both (P,,P,”) and (P,,P,"),
there exists 4x4 H s.t. P,=P,H & P,=P,H.

o d.o.f. of P + d.o.f. of P'=22
o d.o.f. of H =15

o d.o.f. of F=22-15=7



Retrieving the camera r/ X /

imatrices from F

o Fcorresponds to (PP"), iff PTFP is skew
symmetric.

Proof: For a skew symmetric matrix S, X’SX=0, for all X.
Now, XTP'TFPX=(P'X)TF(PX)=x"TFx=0 (for any X in

P’, as F is the fundamental matrix). ...

o F corresponds to P=[/| 0] & P'=[SF | e’], where ¢’
is the right epipole of F s.t. €TF=0.

o A good choice of S =[¢'],.

o F> (1101 [[€Fle])

€> ([ 0], [ F + e’V ke'])



The camera matrices
:ﬁrom E (Essential matrlx) :

o FE is an essential matrix iff two of its singular
values are equal and the third one is zero.

o E=[t]R

o [t], and R can be computed through
decomposition of E s.t. E=SR, where S is a
skew symmetric matrix and R is orthogonal.




Decomposition of E
:“Essential matrix)

o SVD of E=U diag(1,1,0) V7
o Two possible decomposition of E=SR
o S=UZUT and R=UWVT or UWTVT

0 1 0] 0 —1 O]
z=|-1 0 O W=f1 0 0
L0 0 O. 0 0 1.
o Any skew symmetric matrix S can be decomposed as
S=kUZUT

o W is orthogonal and Z=diag(1,1,0).



f P:[’C' ‘] PR, t]
o SVD of F=U diag(1,1,0) V7

o Two possible decomposition of £=SR
o S=UZUT and R=UWVT or UWTVT

0 1 O ’ 0O —1 0
_ ] P=[UWVT | +u,Jor [UWVT | -u;] w=|1 o o

_01 8 8 [UWTVT |+u;] or [UWTVT | -u;] 0 0 1

\ Last column of U.

Out of the four only one is valid for viewing a point
from both the cameras. It is sufficient to test a single
point for the above.



iEx.S

= Check whether the following fundamental
matrix and the camera matrices P and P’ (for

left and rig
20
F=] 8
| —4
[/ 4 —6 3]
P=|8 -1 2 -5
9 —-10 4 1.

12
—7
33

Pl

Nt cameras) are compatible.

0
59
~177.
6 4 —6
=8 -5 2 -7
9 —-10 6

10

2



= PTFP=
—6549 11489
11859 —14183
—8496 83816
—4071 7979

—4746

4926
—2784

—3414

—2242

2950
—1888

—1534.

= Not a skew symmetric matrix.

= Not compatible.



Computing scene
ipoints (structure)

Given x, €-2x;’, compute X.

1. Compute F.
2. Compute P and P.
3. For each (x,x,") compute X by triangulation.

I. Compute intersection of Cx; and C'x;/.
ii. Compute segment perpendicular to both.
iii. Get the mid-point.

Not projective invariant, i.e. (PH,P'H) does not give H'X.



Minimizing
iReprojection Error

Given x; <—>x;, compute X.

1. Estimate X s.t. PX=%and P'X =« .
2. Minimize the reprojection error (£,)).

E.,= d(x, £)2+d(x’,a?)2
subject to x'"Fx = 0

Projective invariant.



Linear triangulation
imethods

Given x, €-2x;’, compute X.

XXPX = 0 4 equations, Minimize [|4X]|
x'XP'X =0 3 unknowns. Subject to |[.X]|=1.
[A]4aX=0 Use DLT.

Not projective invariant.
Generalize to multiview correspondences.

x;, €2x, €2x; X X Py X ~ O 6 equations
P, p, P, ) %XPX =0 3 nknowns.

X3XP3X —_ O



iEx.4

= Suppose P and P’ (for left and right cameras).
Images of a scene point are formed at
(0,3.5), and (2/3, -1/3), respectively. Find the
3D coordinate of the scene point.

7/ 4 -6 3] 6 4 -6 10]
p=(8 -1 2 -5 P'=|8 -5 2 =7
9 —-10 4 1. 9 -10 6 2 .




Computation of structure

Perpendicu|ar Solve for s and t.

to d, and d, \ n=d, X d,
\ C+sd,— \JX ,
(C+s d.)- (C'+t d.) C+td,
I T
: _MI_]_XI
G
=[M|m] P'=[M|m’]




i 4 Ans. P:[

7 4 —6 3 6 4
8 -1 2 —5|P'=|8 -5

9 -10 4 1 9 -10

s P=[M|m] P’=[M'|m’]
s C=-MIm=[0.351 1.62]"
s C'=-M"Im’=[13 35 38]"

= x=[03.51
s d,= M1 x=
m C
m C

= M"1x=[1.36 3.67 3.91

T x'=[2/3-1/3 1]

0.32 0.47 0.69]

Xd.=[0.7 0.33 -0.55]

—6 10
2 =7
6 2

|



(C+s d)- (C'+t d.)=[-12.85 -33.93 -36.58]+5[0.32
0.47 0.69]-t[1.36 3.67 3.91]

0.32(-12.85+0.3s-1.36t)+0.47(-33.93+0.475-
3.67t)+0.69(-36.58+0.69s-3.91t)=0 —(1)

1.36(-12.85+0.3s-1.36t)+3.67(-33.93+0.47s-
3.67t)+3.91(-36.58+0.69s-3.91t)=0 — (2)

Solve (1) and (2) to get s and t, and the point.



:“ine reconstruction

Intersection of 7= and =".

m =PIl _ I—/ n = P'T]
: *"/Z,’ :

14
C P=[R| t]

P=[I| 0]

T A convenient way of
L= [n’l/ representing 3D line.



i Plane Induced Homography

Proof: 7.[=[[v]3><1]
x' =P'X =[AlalX

Now, x = PX = [I|0]X Xy
— X
So any pointin CX is X = [p]
X
When it intersects , 7" [ p] 7.0 im H, 21
T — -1
= vix+ p=20 N H HZnH 1w

= p=—-vx
So, x' = P'X = [Ala] | _

= Ax —a v'x
=(A- avx

/‘

H




T= v]3x1]
Plane induced /%X*\ '
Ha. Ja8
homography - /HHH\\
s T\
A transformation H between / - \ ,

two stereo images is plane CP=[110]  P=[4]d]
induced homography if F'is
decomposed into [¢'],H.

Hence, P=[1|0] & P'=[H|e].

Given P=[1|0], P'=[A]a], & a plane induced
homography H, the plane can be recovered by solving
kH=A-av’, (linear equations for unknowns k& and v).



T= v]3x1]

Plane induced NN )/ 1
’ H’),
homography — /HHH\\

==,

: o X
A transformation H between / \C
two stereo images is plane CP=lI10]  P=[4]ad]
induced homography if F'is
decomposed into [¢'],H.
Hence, P=[1|0] & P'=[H|e'].

Plane at infinity

H is the transformation w.r.t. plane [0 0 0 1]T
in the camera coordinate.

Given P=[I|0], P'=[A4|a], & a plane induced
homography H, the plane can be recovered by solving
kH=A-av", (linear equations for unknowns & and v).



Homography compatible
stereo geometry

H is compatible iff H'F is

skew symmetric, i.e. — )/[v]3x1]
H'F+FTH=0 X. 1
Ty = T %Q\f’
x Fx =0 Ly H gy
And, x' = Hx / {'
= (Hx)TFx =0 S L N
= xTHT'Fx =0 CP=[110]  P=[4|d]

As this is true for all x,
H'F is skew symmetric.



Plane induced H and epipolar
iconstraints n

Epipolar lines are mapped by
Epipoles mapped by  the homography as H' = 1..

H, as ¢'=He, since ;

they are images of S ;M
the point on the plane & K
where the baseline o o e

intersects it.
Hx lies on epipolar line 1,

. “ . ) ! _— !
From Hartley and Zisserman, “Multiple view geometry — — ( )
in computer vision”, Cambridge Univ. Press (2000) S 0 1 c FX X X HX *



+

Computing F from 6 points out

f which 4 are coplanar

. Use 4 coplanar points

to compute

- 1= Ho(xs) X xs'
. b= H(xs) X xg
=1 X1

. F=[¢], H..



Given £ and 3 point
correspondences, compute H.

First Method

1. Obtain (P=[I|0],P'=[A|a]) from F and
construct 3 scene points, X, X,, & X.

2. Obtain plane (v7,1)7.

3. Compute H=A4-av'

Second Method

1.0btain (e,e") from F.
2.Use 3 correspondences + (e,e’), to obtain H.

Any 3 points can bipartition the image
space, wW.r.t. the plane formed by them.



Infinite H=(@A-av)

For P=[1|0], P'=[4 | a]

iH OmOg I'd phy and plane=[v" 1]7

Homography induced by the plane at «a.
/ [ [["]d3><1] H, = (K'R — e'v)K!

AXM Hx n
N\

where v = P and e’ = K't

~~~~~ T H, > / tn' -1
/ : i’; ’ HTCZK R—TK
Cp=K[1|10] pP=K[R |Ct] = K'RK~1 —K'%K_l
!/
x' = K'RK™1x + % Asd > o, H,= K'RK~1
o K't As Z =2 o,
vanishing = Ho,X + —— x' is the image of point on 7,
point YA )



i H, and Vanishing points

H, maps vanishing points between two images.
H, can be computed by identifying three non-
collinear vanishing points given F or from 4
vanishing points.

Let P—[M im], P’=[M" | m"], X=[x,” 0]” (a point at

x=MM"x 9H =M M



i Affine epipolar geometry

Epipolar
plane

o Projection rays are
parallel.

o Epipolar lines and planes
are parallel.

||’ projection
rays

Epipolar line

Form of F: B
0 0 a] |
0 0 b 5 |
e d cl

a,b,c,d e all
NON-Zero.

As epipolar lines are parallel, epipoles are in
the form [e; e, 0]



. i ) l,=e,><HAx
Affine 0 0 % = [e/], Hyx
0 O L
istereo o g | T Fa=lelxt,
Epipole:
00 o) / e
le'].=| © 0 —e %\
_8,2 8'1 /
_[ 0 b]
~L=bT 0
A t
HA=
0" 1 F;.d.of.:4

epipole:[-d e 0]7

0

=0 0 —e ﬁﬁz

— — Sl : T 7
P d,/c rightepipole:[-b a 0]



QN O O
UL O O
a T Q

i Estimating F, |

Epipolar lines: , _ Fx=[a b ex+dy+c]

I=F,"x=[e d ax'+by +c]T
Point correspondence: Reduced to a single linear equation.
xTFyx=0=ax'"+by +ex+dy+c=0
[Alnxsfsx1 =0 Solve using DLT.
Minimum 4 point correspondences required to get F,.

Singularity constraint is satisfied by the structure of F,.



Estimating F,
i (another approach) |

QN O O
QU O O

1. Compute H, using 3 point-correspondences.
2. I'= Hyx,/ X x, (say, [1,1,15]")

3. Get ¢ from ["as [/, -/, 0]

4. = [e']H,

o =8




Summary

o Epipolar geometry in a stereo imaging system.
o epipoles, scene point, corresponding image points, and
camera centers lie on the same plane.
o Fundamental matrix (F) characteristics and unique

to the stereo set-up.

Transformation invariant.

3x3 singular matrix with d.o.f. 7 and rank 2.

Given an image point x, its epipolar line |=Fx.

For any pair of correspondence point (x,x"), x'TFx=0.
Given epipoles (e,e"), Fe=e'TF=0

Given camera matrices (P,P’), F is unique.

o P=[I|0], P’=[M|m] = F=[m],M.

o P=[M|m], P’=[M’'|m'] & F=[m-M'M-Im] M'M-1

O O O O O O



i Summary

o Given a homography H (4x4 non-singular matrix) in
P3, if (P,P") > F then (PH,P'H)> F.
o Given a fundamental matrix F, there exist a family

of stereo setups (pairs of camera matrices).
o ([1|0] [[€],F + e’v!| ke’]), v: any arbitrary 3 vector, k: a
scalar constant.
o Given camera matrices (P,P") and a corresponding
pair of image points (x,x), it is possible to
reconstruct the respective 3-D scene point X.



i Summary

o Fundamental matrix of calibrated cameras is
called Essential Matrix E.

o E=[t],R, given ([1|0], [R|?]).

oF is an essential matrix iff two of its singular
values are equal and the third one is zero.

o[t], and R can be computed through
decomposition of E s.t. E=SR, where S is a skew
symmetric matrix and R is orthogonal.



i Summary

o SVD of E=U diag(1,1,0) V7
o Two possible decomposition of E=SR
o S=UZUT and R=UWVT or UWT)T

0 1 0 , 0 -1 O
Z:[ 0] P'=[UWVT | +u;] or [UWVT | -us]  w=|1 0 o

[UWTVT |+uz] or [UWTVT | -u;,] 0 0 1

One of the above is valid in viewing a point from both
the cameras.



i Summary

o Given a set of pairs of corresponding points, it is

possible to estimate F.
o Minimum 7 pairs required.

o Parametric representation of F.

a b aa + (b
F = C d ac + fd
a'a+p'c a'b+p'd aaa+a,8c+a,8b+,8,8d
Epipoles: e’z[a“ f——11* =ta"—B——=11"
=[a B —1]" e’=[a’ g —1]"




i Summary

o Given a set of pairs of corresponding points, it is
possible to estimate camera matrices and scene
points up to projective (4x4 homography matrix)
ambiguity.

o (PH)H'X) €<= (P'H) (H'X)

o Given a pair of corresponding lines | and I', and

camera matrices (P,P’) possible to reconstruct

respective 3D line L.
o Intersection of planes PTl and P'TI’




i Summary

o A plane induces homography between

corresponding image points in a stereo set-up.
o Given a plane (v1,1), and camera matrices ([1|0],[Ala]),
H=(A-av")
o Homography at infinity: Plane at infinity (07,1) induces
H=A.
o Affine epipolar geometry simplifies the structure of
fundamental matrix.

o Left epipole: [-d e 0]" F\=

xd OO
Q. © O©
a O Q

o Right epipole: [-b a 0O]"



