P3.5P: Pose Estimation With Unknown Focal Length

Changchang Wu
Google Inc.

d The First Minimal Solution for The 7-DoF Problem J A New Camera Parametrization J Experimental Results
+ The naive parametrization leads to 2x solutions: Soher  Poynomaldegree Sobngmetod  Speed
Xz Xz X ¥ - T 1 /T—1 . P3.5P GB (20x30) 0.108ms
3 P = f |R|I —C|= —f ( ~1 R) I —C] GB (36x53) 0.257ms
_ L _ AL L Zheng [3] 7 Polyeig 1.648ms
- Also degenerate for planar points (not general). Characteristic Polynomial 0.067ms
Decompose the camera rotation matrix Bujnak [2] 3 B (53x63) 0-336ms
, . . ; u
6oy, o y) P ’ GB (139x153) 3.320ms
270 X, R=Ry R, =R(2,0) R(® p) * Comparison of polynomial system and speed
g around z around Y1z
(x,, y3) (x | = A compact parametrization for camera with unknown focal length: 0 I—E—IZEené—polyleig zij '—a—éﬂen'g-gcgy'eig _
47 = ~ _ ~ _ o : -enna? __?: io—GB|- 0 u?nnz? _—ra lo—-
£, —f, feosh —fsind o e | I T pap )
P=|K¢gR, T|<=Kop=|fs [ = | fsinf fcosf 1006 | 20%
1 1 15%
) ) ) ) S05 | 10%
- No redundancy; Works for planar points. co |
camera coordinate system world coordinate system PO s 12 10 8 R 2 0 8 o84

= Comparison of log of focal length errors for noise-free data
= The problem has 7 DoF (rotation, translation, focal length);

= Common approximation for pose estimation of uncalibrated camera; 50% 70%
= The input are 7 image coordinates (3.5 points) of 4 known 3D points.  Solving the P3.5P Problem 40% | 00%]
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J Common Constraint and Parametrization unknowns 4 equations Legree

= Reconstruction from real images (general and planar scene)

Grobner basis

= Exact 7 image coordinates

(zi,¥:) : perspective projection Linear combination P5.5P / PGP

POPT ~ diag(f% f%1): focal length ~ ©f null space P4P [1]

= Minimal number of solutions
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