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The P3P (Perspective-Three-Point) Problem

Estimating the absolute pose of a calibrated camera from three 3D-to-2D correspondences is a 
fundamental problem in computer vision.

Applications
● Odometry
● 3D reconstruction 
● SLAM 
● AR & VR 
● Autonomous Driving
● …
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Motivation and Preliminaries

While the current state-of-the-art solvers are both extremely fast and stable, there still exist 
configurations where they may break down.
Danger Cylinder
• It has been shown in [1] that the solution of the P3P problem is 

unstable if the optical center O lies on the surface of this danger cylinder. 

[1]. EH Thompson. Space resection: Failure cases. The Photogrammetric Record, 5(27):201–207, 1966

The danger cylinder is defined as a circular 
cylinder circumscribing points A,B,C with 
axis normal to the plane ABC



Contributions

● We focus on the solution strategy that is based on intersecting two conics
● We provide a fast and stable solver based on the characterization of the possible solution 

configurations
● leveraging our new understanding we design a novel P3P algorithm that explicitly handles the 

dangerous cases. 



Problem Formulation

The 3D-2D points are related by the following transformation

Assuming                                , and using the law of cosines 
we obtain the following constraints

Then we have the following two quadratic equations in two unknowns 
x and y by eliminating 𝑑𝑑3

where                                      . Now the P3P problem is reduced to find the real solutions of the above two 
quadratic equations.



Our Approach

The two quadratic equation can be written as the following matrix representations

We first construct a 3x3 matrix

If the matrix C is not of full rank, then the conic is termed degenerate. Degenerate point conics are either two 
lines (rank 2) or a repeated line (rank 1), and can be written as

 Finding the Degenerate Conic

Since the conic should be degenerate, we have



Our Approach

Extracting the lines from the degenerate conic 
 Direct method
Assuming we have obtained a degenerate conic C, which can be written as

Since                               , let                                                       , 
the matrix C can also be written as



Our Approach

Extracting the lines from the degenerate conic 
 Finding the intersection of two lines

We can also recover the intersection point                    , which can then be used to extract the lines from C. 
Once we obtain the intersection point v, the skew-symmetric matrix of v is given by

Then we define a new matrix

We can find that                     . The pair of lines            can be found from one row and the corresponding 
column of the matrix D. 

Rank-1 case: If the degenerate conic C includes a pair of repeated lines, the matrix C will be rank-1. In this 
case, the repeated lines can be recovered directly from one row or column.



Possible Solution Configurations

The relationship among the roots of the cubic equation, the number of the lines from the degenerate conic and the intersections of the two conics.
1D, 1T and 1Q denote one double, one triple and one quadruple intersection. Case (d)-(h) are critical cases with Δ = 0, where Δ is the discriminant of the cubic equation.



Possible Solution Configurations

Illustration of eight possible cases for the relative position of a hyperbola and an ellipse. The pair of lines with different colors corresponds to different cubic roots. 

By discussing the relative position of the two conics, we are able to analytically characterize the real roots of 
the polynomial system and employ a tailored solution strategy for each problem instance.



Experimental Results

Table 1. Solution comparison with the current state-of-the-art solvers

Table 2. Running times comparison



Relationship to the Danger Cylinder

[1]. EH Thompson. Space resection: Failure cases. The Photogrammetric Record, 5(27):201–207, 1966

The three 3D points A,B,C defines a cylinder with the generatrix parallel
to the normal of the plane ABC. This cylinder is known as the danger
cylinder in the literature [1].
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Thank you for your attention!
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