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Auto-Calibration

• Auto-Calibration:
How to determine K directly from multiple uncalibrated images
And then compute a metric reconstruction

• Goal:
Given projective reconstruction 
Determine rectifying homography H such that                        is a 
metric reconstruction 
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Algebraic framework

• Rectifying homography H:

• Plane at infinity
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Basic equation

• Basic equation for auto-calibration
For

In terms of  AC (or DIAC)

11

1**

)()(
)()(

−− −−=

−−=
TiiTTiii

TTiiTiii

paAωpaAω
paAωpaAω

miiiii
M ,,2for     ]|[ K=== HaAHPP

TTiiTTiiiTi

T

Tiiii

Tiiii

)()(
       

)()(
)(

11

11

1

paAKKpaAKK
IRR

KpaAKR
KpaARK

−−=

=↓

−=

−=
−

*Consider 3x3 term

]|[ iii aAP =

iiTi *ωKK =

⎥
⎦

⎤
⎢
⎣

⎡

−
=

1
0

1T

1

Kp
K

H



3

Auto-calibration 5

Multi View Geometry (Spring '08) K. M. Lee, EECS, SNU

• How to find             and p?

Methods:

Calibration using the absolute dual quadric

The Kruppa equations

A stratified solution

Basic equation
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Absolute dual quadric        :
4x4 homogeneous matrix of rank 3 

PSD (positive semi-definite)

Idea of calibration: 

Simple property of absolute dual quadric 

- Canonical form in Euclidean frame

- In a projective coordinate frame

Calibration using the DIAQ
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Calibration using the DIAQ
• Equivalence to auto-calibration equations

• How to estimate       :
Utilize constraints on the internal parameters of K

Linear solution
Non-linear solution
Iterative methods
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Calibration using the DIAQ

• Linear solution for       from a set of images*
∞Q
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Calibration using the DIAQ

• Specifying linear constraints on
Assume that principle point is known and transformed to the origin.

DAQ may be parameterized linearly by 10 homogeneous parameters.

From five images a total of 10 equation are obtained.
※ 8DOF = 10 – 1(scale factor) – 1 {det(DAQ) = 0}
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Calibration using the DIAQ

• Auto-calibration constraints derived from the DIAC

• Example: variable focal length
Zero skew, principal point at origin, unit aspect ratio
4 constraints per view          existssolution  unique ,3 if ≥⎯→⎯ m
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Calibration using the DIAQ

• Nonlinear solution for       :
i) Constant internal parameter case (same cameras)

5 equation for 2 view
10 equations for 3 view              sufficient

ii) Calibration assuming zero skew

Single quadric constraint per view
m equations with m views + 
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Calibration using the DIAQ

• Iterative methods
The known scale factor problem can be eliminated by using a matrix 
norm. 
Cost function

In case of the focal length is the only unknown per view, cost function 
would be minimized over m+3 parameters.

( focal length of each view (total m) , and 3 parameters of p)

Method
qGet Initial value from linear solution
qUse LM method with cost function to unknown parameter (m+3) .

∑ ∞−
i

F

iTiiTi 2* PQPKK



7

Auto-calibration 13

Multi View Geometry (Spring '08) K. M. Lee, EECS, SNU

Counting argument

• Consider m views
• Assume k parameters are known, f parameters are fixed but 

unknown (k+f <5)
• The number of total constraints: mk + f(m-1)
• The requirement for calibration

• Limitations of absolute quadratic approach
• Limitations of least-square algebraic solution

Solution does not satisfy the constraints precisely
Enforcing the PSD condition is difficult, leading spurious 
calibration

8)1( ≥−+ fmmk
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The Kruppa equations

• First auto-calibration method
• Two-view constraints on        that require only F to be known*ω
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The Kruppa equations

• Let                                                  then

• This can be rewritten as

3 quadric equations for       of  

• For identical Ks,    .
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The Kruppa equations

• Example
Assume all the parameters are known except the focal length.
Then 

And the Kruppa equations become
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A stratified solution
• Calibration steps

• How to determine :
i) The modulus constraint 

Assumption : The internal parameters are constant.
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A stratified solution
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A stratified solution

ii) Other methods of finding

Straightforward method (Using 3 vanishing points) [Chap.9]
Pure translation : No rotation, constant internal parameter
q is determined uniquely.

Using ADC 
Quasi-affine reconstruction. [Chap.20]
Bounds imposed by cheirality.
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A stratified solution

• Affine to metric conversion

How to find the infinite homography
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A stratified solution

Transformation of IAC (DIAC) through  

If fixed camera (                 )

If m≥2 views, A is a 6 m X 6 matrix.

Linear solution using IAC is more 
practical than using DIAC 
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A stratified solution

• Auto-calibration constraints derived from the IAC

• In order to make the solution satisfy the constraints 
precisely, one may impose the known info.  as hard 
constraints



12

Auto-calibration 23

Multi View Geometry (Spring '08) K. M. Lee, EECS, SNU

A stratified solution
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Calibration from rotating cameras

• Examples:
Pan-tilt zoom surveillance camera
broadcasting camera
handheld camcorder at a single position

• Determining        from rotating camera views

Example : Rotation about center with varying internal parameters

qZero skew

qUnit aspect ratio
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Calibration from rotating cameras
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Auto-calibration from planes
• Potential applications

Ground plane, aerial images

• Auto-Calibration from scene planes

Let the imaged circular points in the first view to be

Then given Hi, in the i-th view

Solution is possible if                     

H′

21      )0 , ,1( ,ji T
j =±′= Hc

( ) ( )  1,2  1  0, === j,m,ij
iiT

j
i KcHωcH

The plane of first image Ideal plane

IH =1

 4  2 +≥ vm
# of unknown parameters in K

# of parameters in cj

- Only requires homographies
between planes

- No need of F or T
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Practical consideration

• Avoid ambiguous motion sequences
• Use as much info. you have
• Refine using bundle adjustment

Enforce constraints or priors on intrinsics during minimization
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Some Recent Applications

• AR (Augmented Reality)
http://www.cs.ubc.ca/~lowe/papers/gordon/

slide of Iryna Gordon
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Some Recent Applications

Auto-calibration 30
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Some Recent Applications

• Urban 3D Modelling from Video
(http://www.cs.unc.edu/Research/urbanscape/)
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Some Recent Applications
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Some Recent Applications
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Some Recent Applications

• 4D Cities: Spatio-Temporal Reconstruction from Images
http://www.cc.gatech.edu/4d-cities/dhtml/index.html
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Some Recent Applications

http://phototour.cs.washington.edu/
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Some Recent Applications
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