
Affine Factorization
•Reconstructs 3D points and camera matrices, assuming 
affine cameras and that the same points are imaged in all 
cameras.

•This is the maximum likelihood estimation if the measured 
image points have isotropic mean-zero Gaussian noise 
that is independent and equal for all measurements.



Inhomogenous Affine Camera
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Matrix formulation
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ˆ      

      :erroron reprojecti Minimize

min

min

















































































Wrank
W

Fci
i

cc
i

XMFci
i

cc
i

X

N

M

C
N

CCC

N

N

C
N

CC

N

N

ci
i

cc
i

XM

WWXMxWWXMx

XXX

M

M
M

XMXMXM

XMXMXM
XMXMXM

W

xxx

xxx
xxx

W

XMx

i
c

i
c

  




















 

T
N

C

T
N

C

N

C

T
NC

T

Wrank
W

F

VAX

ADUM

VX

DUM

XXX

M

M
M

XMVDUWUDVW

WW














































3
1

3332

3

3332

21

2

1

33332

3)ˆ(         s.t.
                          ˆ

2

ˆ

ˆ
:tionreconstruc  theofambiguity  Affine

ˆ

ˆ

ˆˆˆ      

:aluessingular vbiggest   three the takingand W ofion decomposit aluesingular v
doingby  computed becan   threeofrank  a having  W whileclosest to is that Ŵ The
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Points not visible in all cameras

XMx cc 

Assume we have performed 3D reconstruction for the points visible in all 
cameras. As a result we have reconstructed the camera matrices Mc. 
Suppose we have image measurements of an additional point in some of 
the cameras. We can then reconstruct the corresponding 3D point X 
using the computed camera matrices. Each measurement from a camera 
give the linear equation:

Given sufficiently many measurements from different cameras we can 
find the least squares solution to X. We can also reproject X to get its 
image in all cameras.
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Affine Reconstruction by Alternation
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Assuming known
M and t, find least

squares solution of X

Assuming known X,
find least squares
solution of M and t

Can handle points not visible in all cameras and measurements being 
weighted differently, but in those cases global optimal convergence is not 
always guaranteed.



Projective Factorization
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Matrix formulation
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Issues
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