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Case 1: Using a single vanishing point 

How to recover? 

Towards vanishing point 
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Z direction in the world coordinate system 

u
v



Z direction in the world coordinate system 

z point at infinity 

u
v

: z vanishing point v z

[ ]∞z =
T

0 0 1 0



Z direction in the world coordinate system 

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

[ ] ∞v = K r r r t zzz 1 2 3

[ ]∞z =
T

0 0 1 0

z vanishing point z point at infinity 

z point at infinity 

u
v

: z vanishing point v z

[ ]∈R = r r r1 2 3 SO(3)



Z direction in the world coordinate system 

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

[ ]

 
 
 
 
 
 

v = K r r r tzz 1 2 3

0

0

1

0

[ ]∞z =
T

0 0 1 0

z point at infinity 

u
v

: z vanishing point v z

[ ]∈R = r r r1 2 3 SO(3)



Z direction in the world coordinate system 

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

v = Krzz 3

[ ]∞z =
T

0 0 1 0

z point at infinity 

u
v

: z vanishing point v z

[ ]∈R = r r r1 2 3 SO(3)
/r = K v K vz z

-1 -1
3



u
v

Z direction in the world coordinate system 

: z vanishing point 

[ ]∈R = r r r1 2 3 SO(3)

Geometric interpretation 

[ ]∞z =
T

0 0 1 0

v z

z point at infinity 

z-axis of world coordinate system 

Camera axes 

World z-axis 

β

α



u
v

Z direction in the world coordinate system 

: z vanishing point 

[ ]∈R = r r r1 2 3 SO(3)

Geometric interpretation 

[ ]∞z =
T

0 0 1 0

v z

z point at infinity 

z-axis of world coordinate system 

Camera axes 

World z-axis 
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u
v

Z direction in the world coordinate system 

: z vanishing point 

[ ]∈R = r r r1 2 3 SO(3)

Geometric interpretation 

[ ]∞z =
T

0 0 1 0

v z

z point at infinity 

z-axis of world coordinate system 
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r r
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tan (1) / (3)

cos (2)

Pan and tilt angles Camera axes 

World z-axis 
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Case 2: Using two vanishing points 

How to recover? 

Towards vanishing point 



Z direction in the world coordinate system 

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

z point at infinity 

u
v

: z vanishing point v z

[ ]∈R = r r r1 2 3 SO(3)

X direction in the world coordinate system 

: x vanishing point v x

[ ]∞z =
T

0 0 1 0

[ ]∞x =
T

1 0 0 0 x point at infinity 

r = K v zz-13

×r = r r2 3 1

Orthogonal rotation matrix 

r = K v xz-11



Calibration via Vanishing Points 



Calibration via Vanishing Points 



v1 v3

v2

v1

v3
−K v1 3

−K v1 1

r = K v zz-13

r = K v xz-11

×r = r r2 3 1

[ ]R = r r r1 2 3



Exercise I 

r = K v xz-11

v x

v y

r = K v yz-12

[ ]×R = r r r r1 2 1 2



Exercise II 

v y

v x



Exercise II 

v y

v x

/r = K v K vx x
-1 -1

1

/r = K v K vy y
-1 -1

2

Scale normalization 



Exercise II 

v y

v x



Exercise II 

Estimate pan/tilt from      . 

( )α

β

=

=

r r

r

-1
3 3

-1
3

tan (1) / (3)

sin (2)

r3



Exercise II 

Pan angle α
Tilt angle β
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Case 3: Homography 

How to recover? 
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Planar world 
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Exercise 

Homography from four points: 

[ ]= =H K H r r t

-1
1 2 Note that  r = r =1 2 1



Exercise 

Homography from four points: 

: Normalization factor 



Exercise 

Homography from four points: 

: Normalization factor 



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! 



World coordinate system 

Camera coordinate system 

{ }W

{ }C
[ ]=P K R t

{ }W
XW

XW
Third person (world) perspective 



Camera coordinate system 

{ }C
[ ]=P K R t

{ }W
XW

{ }C'
XC

Camera coordinate at 
world origin 

{ }C'

R

XC'

Coordinate transform from {W } to {C ‘ } 

First person perspective 

=X RXC' W



Camera coordinate system 

{ }C
[ ]=P K R t

Camera translation seen from {C } 

{ }W
XW XC

t

Camera coordinate at 
world origin 

{ }C'

R

XC

{ }C'

First person perspective 



Camera coordinate system 

{ }C
[ ]=P K R t

Camera translation seen from {C } 

{ }W
XW XC

t

Camera coordinate at 
world origin 

{ }C'

R

= +X RX tC W
Looking a point in world through 
the camera view point 

XC

{ }C'

First person perspective 



World coordinate system 

Camera coordinate system 

{ }W

{ }C
[ ]=P K R t

{ }Wt { }C
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First person perspective 



World coordinate system 

Camera coordinate system 

{ }W

{ }C
[ ]=P K R t

{ }W

Third person (world) perspective 

-t { }C
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XW



World coordinate system 

{ }W

[ ]=P K R t

{ }W'

Third person (world) perspective 

C = -R t-1 { }C

t

XW

World coordinate at camera center 

{ }W'

C = -R t

= -R t

-1

T

=R R-1 T

[ ]
[ ]×

=

=

K R -RC

KR I -C3 3

Camera center seen from world coordinate system 
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