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Problem Definition 
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We address the problem of single view 3D reconstruction using a mirror sphere, and propose a novel self-calibration method. Unlike other 
mirror sphere based reconstruction methods, our method needs neither the intrinsic parameters of the camera, nor the position and radius of 
the sphere be known.  
The key contributions of this work are: 
•  The first single view 3D reconstruction method that works under an uncalibrated camera and an unknown mirror sphere.  
•  An analytical solution for recovering the focal length of a camera from an image of an unknown sphere given the principal point of the 

camera.  
•  A robust method for estimating both the principal point and focal length of a camera from multiple images of an unknown sphere placed 

at different positions.  
•  A novel method for estimating both the principal point and focal length of a camera from just one single image of an unknown sphere.  
 Estimating Camera Intrinsic Parameters 
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By removing the effect of K, conic C will transform into  
By eigen decomposition,  , where R is the camera rotation matrix, and D = diag(λ1,λ1,λ2) . 
D represents a circle of radius                     centres at the image plane origin.  
The sphere centre  can be recovered as dr3, where r3 is the third column of R and 

Shape Recovery 
With a calibrated camera and a sphere with 
known radius, the position of the sphere can 
be uniquely recovered from its image. An 
object can be reconstructed from its 
reflections on the sphere placed at two 
distinct positions. 

Analytical solution for f Robust method for f and (u0, v0) Single image solution 

Step1: sample points evenly within a 
small window centred at the image 
centre, and estimate a focal length f 
using each sample point as the 
principal point.  
 
Step2: calculate the mean of these 
estimated values and this gives us a 
final estimate of the focal length.  
 
Step 3: identify the sample point that 
leads to an estimated focal length 
closest to the mean value as the 
principal point.  

Experimental Results 
Synthetic Data  Real Data  

The image of a sphere forms a conic, which 
can be represented by a 3x3 symmetric matrix 
C.  

Theoretical Background  

P can be reconstructed by triangulating: 
(a) Q1P with Q2P, if P is not visible;  
(b) OP with Q1P (or Q2P), if P is visible.  

Let , where 

=> , where 
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where λ is the eigen value of  ��, β, γ, δ are non-
linear combination of terms in 
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where , 

Given C and principal point, the only unknown is f.   
Then f can be obtained by solving the equation. 
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Experimental setup 

Blue: ground truth 
Red: ours 

l1 = ||P1P2|| 
l2 = ||P1P3|| 
l3 = ||P1P4|| 

α = �P2P1P3  
β = �P3P1P4  
θ = �P4P1P2  
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