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Abstract 

Contrary to the claim in the literature that the affine 
reconstruction is possible from two images captured by a 
translating camera with unknown and varying parameters, 
we show that such a reconstruction is in fact impossible. In 
other words, the knowledge that “ the camera’s motion 
between the two images is just a pure translation” is an 
insufficient piece of information for affine reconstruction. 

 
1. Introduction 

Affine reconstruction plays a very important role in 
camera self-calibration and the stratified 3D reconstruction 
[1]. It s well known that once the affine reconstruction is 
done, the camera calibration becomes a linear one (with 
fixed parameters)[2]. In the stratified 3D reconstruction, 
the affine reconstruction is the most delicate step 
compared with the projection reconstruction and the metric 
reconstruction [3]. In [4], it was shown that if the camera 
is only a translating one, and if the camera’s intrinsic 
parameters do not change, then the affine reconstruction 
can be done with 5 corresponding image points between 
two images. In the case where the camera’s intrinsic 
parameters do change, the authors claimed that “ which 
can be dealt with, but complicate matters”. However, in 
this short note, we show that it is in fact impossible to 
obtain an affine reconstruction from a pair of images 
captured by a translating camera with varying parameters. 
Here by “ varying parameters”, we mean all the five 
parameters under the pinhole model are subject to change. 

Before elaborating on the issue, we first recall that 
given two images ', II , denoting the epipole in 'I as 

'e , then the affine reconstruction can be expressed as: 
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where H is the homography of the plane at infinity 
( called hereinafter the infinite homography) , “ ≈ ” means 
the equality up to a scale, I is the identity matrix. This 
infinite homography is unknown but unique. In other 
words, the affine reconstruction is to determine this infinite 
homography. If this infinite homography can be uniquely 
determined ( in the sense of up to a scale), then the affine 
reconstruction is possible. Otherwise, the affine 
reconstruction is impossible.  

2. What can be drawn from a pure translation 
of camera motion 

We have the following proposition: 
The infinite homography H is an upper triangular 

matrix with all the 3 diagonal elements being positive if 
and only if the camera motion between the two images is a 
pure translation.  
Proof: Assume the camera matrices with the first and 
second images ( captured before and after the translation) 
are respectively 
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with 0,0,0,0 '' >>>> vuvu ffff  
( if part) If the camera motion between the two images is a 
pure translation t , then the two projection matrices in the 
Euclidean space should be: 
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then the infinite homography is:   
1' KKH −≈  
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Hence H is an upper-triangular matrix and all the 3 
diagonal elements are positive. 
( only if part). If matrix H is an upper-triangular matrix 
with all the 3 diagonal elements being positive, since the 
general form of the infinite homography is 1' RKK − , 
where R is an unknown 3D rotation matrix, then from 

1' RKKH −= λ , we know HK)(KR 1' −=λ  must be 
an upper-triangular matrix also, and all the 3 diagonal 
elements must also be positive. It can be easily verified by 
construction that a rotation matrix, being an 
upper-triangular matrix and all its 3 diagonal elements 
being positive, must be an identity matrix, i.e., IR = . In 
other words, in this case, the camera’s motion must be a 
pure translation, without any rotation involved. 

3. The impossibility of affine reconstruction 

Based on the proposition in Section 2, given two 
images captured by a translating camera with varying 
parameters, if we can find at least two upper-triangular 
matrices 'HH, with all their diagonal elements being 

positive such that FHeHe ' ≈≈ ×× ][][ '' , where F is 
the fundamental matrix between the two given images and 

×][ 'e is the antisymmetric matrix defined by the epipole 
'e , then the following two reconstructions:  
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both encapsulate all available information ( a translating 
camera and image correspondences). Since the affine 
reconstruction under the form (1) must be unique, it means 
that in this case, the affine reconstruction is impossible. 

Based on the above reasoning, the problem is reduced 
to find out all possible upper-triangular matrices H with 
positive diagonal elements subject to: 

    FHe' ≈][         (4) 

Clearly, H is not unique in (4). This is because if H  is a 
solution, T' xeHH +=' must also be a solution, where 
x  is an arbitrary 3-vector.  

Since additionally if H  is an upper-triangular 
matrix, T' xeH + must also be an upper-triangular 
matrix, some additional constraints can be enforced on 
vector x . There are two possible cases: 
Case 1: If 'e is not at infinity, then ( )1)( 21

' eeT =e , 
then from 
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we have 021 == xx , and 3x  can be an arbitrary 
positive number. In other words, the infinite homography 
cannot be uniquely determined in this case, it is a function 
of one free parameter. 
Case 2: If 'e is at infinity, ( )0)( 21

' eeT =e , then 
from 
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we have 01 =x , and 32 , xx  are two free parameters. In 
this case, the infinite homography is a function of two free 
parameters. 

Combining Case 1 and Case 2, we know that by 
merely knowing that “ camera is undergoing a pure 
translation” is insufficient for an affine reconstruction from 
a pair of perspective images.  

Before ending this note, we would make the 
following two remarks: 

Remark 1: As we have proved, if all the five intrinsic 
parameters of the camera are subject to change, then an 
affine reconstruction is impossible. However, if some of 
the parameters are known, for example, the principle 
points ( ) ( )'

0
'
000 , vuvu  are known, then an affine 

reconstruction becomes possible. 
Remark 2: In [4], it was shown that if the camera 

matrix is fixed and if 5 point correspondences are known, 
then an affine reconstruction can be obtained. In fact,  in 
this case, if only two point correspondences are available, 
an affine reconstruction can be done. This is because if the 

camera is fixed, the infinite homography H in (1) must be 
the identity matrix. In addition, by two point 
correspondences, the epipole 'e can be determined by 
intersecting the two lines determined by the two pairs of 
image corresponding points.   
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