fio i
[22 f23
r32 r33
R c R3X3




http://www.joshuanava.biz/perspective/in-other-words-the-observer-simply-points-in-the-same-direction-as-the-lines-in-order-to-find-their-vanishing-
point.html



—

First person coordinate system World coordinate system

http://www.joshuanava.biz/perspective/in-other-words-the-observer-simply-points-in-the-same-direction-as-the-lines-in-order-to-find-their-vanishing-
point.html



(R e S0(3),te RB)
A

First person coordinate system World coordinate system

http://www.joshuanava.biz/perspective/in-other-words-the-observer-simply-points-in-the-same-direction-as-the-lines-in-order-to-find-their-vanishing-
point.html



(R e S0(3), t IR{S)

How to recover? / oy

First person coordinate system World coordinate system

http://www.joshuanava.biz/perspective/in-other-words-the-observer-simply-points-in-the-same-direction-as-the-lines-in-order-to-find-their-vanishing-
point.html



(R e S0(3), t IR{S)

How to recover? / oy

First person coordinate system World coordinate system

Case 1: Using a single vanishing point

Towards vanishing point
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I\ U ® V. : z vanishing point
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Z point at infinity

/ direction in the world coordinate system

Columns of the rotation matrix represent
vanishing points of world axes.

v, =K[r 1, |t]z,
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+z,=[0 0 1 0]

Z point at infinity

/ direction in the world coordinate system

I\ U ® V. : z vanishing point
V/

Columns of the rotation matrix represent
vanishing points of world axes.

v, =K[r r, |t
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I\ U ® V. : z vanishing point
V/

+z,=[0 0 1 0]

Z point at infinity

/ direction in the world coordinate system

Columns of the rotation matrix represent
vanishing points of world axes.

2V, =K,

r,=K'v, /HK‘TVZ
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»z,=[0 0 1 0]

Z point at infinity

/ direction in the world coordinate system

L/ 4\ : z vanishing point
Geometric interpretation

World z-axis
‘z-axis of world coordinate system Ky
I, = -
1

HK vV,

sinasing |
Camera axes =| cosp

R= [I‘1 I, I‘3] e 50(3) cosasing



»z,=[0 0 1 0]

Z point at infinity

/ direction in the world coordinate system

L/ 4\ : z vanishing point
Geometric interpretation

World z-axis
z-axis of world coordinate system

a =tan' (r,(1)/r,(3))
B=0c0sr,(2)

Camera axes Pan and tilt angles
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Case 2: Using two vanishing points

Towards vanishing point
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+z,=[0 0 1 0]

Z point at infinity

X, =[1 0 0 O]T X point at infinity

° X direction in the world coordinate system

/ direction in the world coordinate system

| 'V, :zvanishing point
I\/\ Columns of the rotation matrix represent

vanishing points of world axes.

e
K
V. : x vanishing point r=Kzv,

[, =r, XTI,

Orthogonal rotation matrix

R=[r, r, r,]eSOQ)
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Exercise i

r=K'v /|K'v,

r, =K', /|K'v |

Scale normalization
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Exercise i

|

0.8017

0.0067

—0.2086 0.9411

0.5602

0.3382

—0.5977
—0.2673
0.7558

|

Estimate pan/tilt from r, .

a =tan' (r,(1)/r,(3))

B=snr,(2)
a = —0.6691 = —0.21307
g = —0.2706 = —0.08617



Exercise i

Pan angle

0 s 1

Tilt angle /3
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Case 3: Homography
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Planar world

LX=[X Y 0 1]
VrU

m=K[r r, r |t]X
-m=[u v 1]T -

=K[r1 I, r3|t]

X
4
O =K[I’1 r2 t]
1

P=[R t] ) homography_ _




Planar world

LX:[X Y 0 1]

where H=K[r. 1, t]

|
=
\<

-m=[u v W]T zm




Exercise

Homography from four points:

—0.1153 0.5216  0.1506

0.4430 0.0037 —0.1071
0.3096  0.1875  0.5944

H= K'wFl = [I‘1 I t] Note that HI’TH = HI’ZH =



Exercise

Homography from four points:

—0.1153 0.5216  0.1506

0.4430 0.0037 —0.1071
0.3096  0.1875  0.5944

a = ||(Hyy, Hay. Hgq)]| : Normalization factor

t = H{:3)/a=(-0.1937,0.2726, 1.0756)7
ri = Hi{:;1)/a =(0.8017, —0.2086, D.E-GIJEJT
Hi:

rg = .2} /a = (0.0067,0.9439, 0.3392)7



Exercise

Homography from four points:

—0.1153 0.5216  0.1506

0.4430 0.0037 —0.1071
0.3096  0.1875  0.5944

a = ||(Hyy, Hay. Hgq)]| : Normalization factor

t = H(:3)/a=(—0.1937,0.2726, 1.0756)T
ri = H(:1)/a = (0.8017, —0.2086,0.5602)T

ro = H(:2)/a = (0.0067.0.9439 03392}1”
ra = 1y xre=(—0.1937,0.2726,1.0756)T



How to estimate the rotation and
translation of the robot from the
world point of view?

In the case of moving robot(rather than moving target), we
need to know the orientation/position of the robot in the world
==>

we need to how to pan/tilt the world oriented to the robot.

Note: pan/tilt of the camera is very different from the pan/tilt
of the world!




Third person (world) perspective
XI/l/

W

World coordinate system

Camera coordinate system



First person perspective

1} ﬁ

Camera coordinate system

X.
i
Camera coordinate at
world origin
% C
),y
P=K[R | t]

Coordinate transform from {I/} to {C ‘}

X. =RX,



First person perspective

Camera coordinate at
world origin

P=K[R | ]
Camera coordinate system _ -
Camera translation seen from {C}



First person perspective
XC

Camera coordinate at
world origin

X, Cx

C

P=K[R | ]
Camera coordinate system _ -
Camera translation seen from {C}

X.=RX, +t
Looking a point in world through
the camera view point



First person perspective

Camera coordinate system



Third person (world) perspective

Camera coordinate system



Third person (world) perspective

f R' =R’
t C=-R't
World coordinate at camera center ? =K -R | t] = -RTt
=K :R | -RC]
=KR [|3x3 | B ]

Camera center seen from world coordinate system
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