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Imaging Geometry



Transformations 

• Translation
• Scaling
• Rotation
• Perspective
• Homogenous



Pose Estimation/Image Synthesis



Motion Estimation



Motion Estimation



Object Recognition



• Robotics
• Image Registration



IRS-1C - Washington, 
DC



SPOT - Washington, DC
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Translation
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Scaling

















×
×
×

=
















z

y

x

SZ
SY
SX

Z
Y
X

1

1

1

2

2

2





































=



















11000
000
000
000

1
1

1

1

2

2

2

Z
Y
X

S
S

S

Z
Y
X

z

y

x

Matrix Scaling ,

1000
000
000
000

11
1

1

1

2

2

2



















=



















=



















Sz
S

S

S

Z
Y
X

S
Z
Y
X

y

x

ISSSS

S
S

S

z

y

x

==



















=

−− 11

1-

1000

0/100
00/10

000/1

S



















=

























































1000
0100
0010
0001

1000
0/100
00/10
000/1

1000
000
000
000

z

y

x

z

y

x

S
S

S

S
S

S



Rotation
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Rotation (continued)
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Euler Angles
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Consider a point on 2 D plane undergoing non-affine transformation;
[ X Y  k ] =  [ X/k   Y/k    1  ]  = [ x      y      1  ]
[ 3 2  k  ]  = [ 3/k      2/k    1 ]
Start with  k = 1 
[  3 2  1 ]  represents the actual point  (3,2)]
[ 3  2 0.5  ] =  [ 6  4   1  ]
[ 3  2  0.1  ] =  [ 30   20   1  ] actual point  ( 30,  20 )
[ 3  2  0.0001 ] =  [30000  20000   1  ] 
[ 3  2  0.0000001 ] =  [30000000  20000000   1 ]

In  the limit  [ 3   2   0   ]  =     ??

[  1  0  0  ]  represents a point at infinity on the X axis 
0 / 0 is taken as 1

[ 0  1  0 ]  represents a point at infinity on the Y axis



Perspective Projection (origin at the lens center)
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Perspective Projection (origin at image center)
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Perspective
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Perspective
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Camera Model

h
ZX

h GWRPCRC θφ −−=

• Camera is at the origin of the world 
coordinates first
• Then translated (G), 
• then rotated around Z axis in counter 
clockwise direction, 
• then rotated again around X in 
counter clockwise direction, and
• then translated by C.



Camera Model
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Camera Model

h
ZX

h GWRPCRC θφ −−=
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Camera Model
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Camera Model
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Camera Model
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Camera Model
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Camera Model
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Camera Model Revisited
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image center (in pixels)

effective size of pixels (in 
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vertical directions. 
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Camera Model Revisited
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Rotation Around an Arbitrary Axis
(Rodriguez’s Formula)
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Rotation Around an Arbitrary Axis
(Rodriguez’s Formula)
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Rotation Around an Arbitrary Axis
(Rodriguez’s Formula)
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