Lecture 3
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Displacement Models (contd)
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Affine Mosaic
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Projective Mosaic




Instantaneous Velocity
Model

_
3-D Rigid Motion
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3-D Rigid Motion
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Cross Product
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Orthographic Projection
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u=x=Q,2-Qy+V

v=9=Qx-Q,Z+V, (u,v) is optical flow
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Plane+orthographic(Affine)

Z=a+bX+cY
b=V, +aQ,
u=V,+Q,Z-Q,y a, =bQ,
v=V,+Qx-Q7Z a, =cQ,—-Q,
(1) Show this ¥ =b+ax+a,y by =V, —aQ,
v=b,+a,x+a,y a; =Q;-0bQ,
O a, =-cQ,
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Perspective Projection (arbitrary flow)
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Plane+Perspective (pseudo
perspective)

u:f(g%)z)—%x—gy—%w—i-%xz Z=a+bX+cY

f
1 1 b ¢
£ v , —_=_Z,_=C
v=f(E—Ql)+st—§y+%w—%y 74 ax ay

\

u=a+ax+ay+a,x +axy
V=a, +ax+ay+axy+a)”

(2) Show this

_

3D Scenes

& When the scene is neither planar not distant,
the relation between two consecutive frames is
described by the fundamental matrix.

@ What the heck is

epipolar geometry?
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Epipolar Geometry

st
aM
e A A
IR Iy 'I iy f /1
Jcd \ebiro | Jeiling 01 £l N\ebico | fadorty 1
Ly ',r; s \ ./
Y f/ 1 s
aM
f ol M \
L “f h A
N3 | v i
L | 1 ! .‘x\-. [l ,ﬁ_-’-_t':.
2 o L e pt K
4 14 l

Epipolar Geometry

& Coplanar Condition

(B—A)-AXxB=0

epipolar
plane

a M=R(M-T)

a(M-T)T.TXM=0 ¢ % =,
a R1=RT

a (RTM)T.TxM=0

4 AxB=SB therefore MTRSM=0 =

@ M7TE M =0 where E =RS is the essential matrix




Slide 14

al The Essential Matrix is the mapping between points and epipolar lines
subail, 10/9/2001
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Vector Cross Product to Matrix-vector
multiplication

AxB=A.8

B 11 20 )

Perspective

f 0 ofx
c,=|0 s o|Y
0 0 1|z
Y Origin at the lens
"z Image plane in front of the lens
m = PM
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Epipolar Geometrv |

& The Fundamental Matrix is the
Essential Matrix described in
pixel coordinates.

& m and m’are the points in pixel coordinates
corresponding to m and m’

aM=P!m and M=P"1m'’
a m=f/Z. M and m=f/Z2 M’

a MTEM=0 am"TFm=0
a (P"mMHYTEMPIM)=mTP'  TEP!m

Epipolar Geometry

= Defined for two static cameras

3D Worl
U

Left =
camera

% Right
camera

Left camera Right camera
image plane image plane




Epipolar Geometry

Epipolar line: set of world
points that project to same
. point in left image, when
.................. Sl projected to right image
forms a line.

Epipolar plane: plane
defined by the camera
centers and world point.

Epipole: intersection of image
plane with line connecting
camera centers

_
Essential Matrix

Coplanarity constraint between vectors (P-T), T, P,.

(P-T)TxP = O} PRTP _o :>

P R P T essential matrix
0
T 0 —T
-7, T, O
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Fundamental Matrix

relative rotation
P. 4

Pr:R(Pl_T) / X, =M,P, ~ ~
R=RR/' (A _uPp XI(M;* "EM, "), =0

PIZRIP-FT; T Xr_ rr TF'X _0

pogper | | T RTB) ] prp g 5=

P =R E L \ rr T fundamental matrix
N

relative translation

———————————————
Fundamental Matrix Q‘

a b c
XTFx=x"d e f[x=0

g h m

0 Rank 2 matrix (due to S) o

o Given a point in left // N
camera X, epipolar line in j %
right camera is: u,=FX
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Fundamental Matrix #‘

a b c
T T
X, FX =X, |d e f|x. =0

g h m

3x3 matrix with 9 components
Rank 2 matrix (due to S)
7 degrees of freedom

Given a point in left camera X, epipolar line
in right camera is: u,=FX

O
O
O
O

_
Fundamental Matrix

Longuet Higgins (1981)
Hartley (1992)
Faugeras (1992)

O
O
O
o Zhang (1995)
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Fundamental Matrix

0O Fundamental matrix captures the relationship
between the corresponding points in two views.

T

X Sfu Sz Sis X
Vi Sfa S S s y; = 0,
1 Sa S 2 S 1

x| [ o'+ Sl + S
{%] {lex,"'fzzy; +f23:l =0,
1] [ faX' + foVi+ 1o

X, (X + foyi+ Jia) + 3 (faX'+ [ 3] + [oa) + (fuX' + fo2] + f23) =0

_

Fundamental Matrix

X, (X" + fioi 4 S1a) + i (fon X'+ foo] + fo5) + (farX' + [ + f35) =0

XXy + X, fia + X fra + VX oy + XV oy + Vi fa + X oy + Vifaa + f33=0

BT A TR Lo 1A R R A P
Mf:m)éyz)é)}z)%yéyz)’;xzyzl:o

X%, Xy, XM M oox o, 1

B[is‘)byﬁﬁlzltﬂx f:[fn flz f13 le fzz f73 f31 f32 f33]

To solve the equation, the rank(M) must be 8.




Computation of
Fundamental Matrix

_

Normalized 8-point algorithm

Objective:
Compute fundamental matrix £ such that X/Fx, =0

Algorithm
Normalize the image by %, =7x, and X =TX:

Find centroid of points in each image, determine the
range, and normalize all points between 0 and 1

Linear solution
determining the eigen vector corresponding to the smallest

eigen value of 4,

X on 1

Af =| ... i e e |f=0
XgXg XpVg Xy VpXg Veds Vo Xg Vg 1

! o
X N4

ore !
XX 4N
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Normalized 8-point algorithm

Construct L fs
ﬁ: fA fs fﬁ]
VAR A
Normalize o~ oA
F=FI|F]|

Constraint enforcement SVD decomposition

o, 0 0]
F=U0 o, 0

0 0 o

X

(0120, 20;)

Rank enforcement

_ | 00 (05=0)
0 o, O

- 1T = i
De-normalization: F=T"FT (3) Show this
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Robust Fundamental Matrix

Estimation (by Zhang)

o  Uniformly divide the image into 8x8 grid. 7| @ eg

o Randomly select 8 grid cells and pick one 6 .o olew
pair of corresponding points from each grid 2
cell, then use Hartley’s 8-point algorithmto BINe .,
compute Fundamental Matrix .. e ) :

o  For each F,, compute the median of the R ° *
squared residuals R,. - . u
= R;=median[d(p, Fpy) + dpyF p )] ! - o ol

O  Select the best 7, according to R,. 0 * O

0 1 2 3 4 5 6 7

o  Determine outliers if R,>Th.

O  Using the remaining points compute the
fundamental Matrix F by weighted least
square method.




Homework Due 1/23/2008

o Show (1), (2) and (3).

o Experiment with five different opencv
routines.




