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1. Three 2D-3D lines correspondences [., <+ Ly, ,V?1 = 1,2, 3. e 2D-3D line correspondence lo <> Lyy .

2. l., are seen respectively by three cameras F¢,,Vi = 1,2,3 and Ly, is

defined in a fixed world frame Fyy . o P y/ , B bW3 end-points of 3D line Ly .

3. Fec, are rigidly fixed together with known camera intrinsics K; and extrin-
sics T&,W =1,2,3.

® D, pp: end-points of 2D line (.

Find: The pose of the multi-camera system with respect to the fixed world
frame, i.e. relative transformation (R} ,t/ ) that brings a point defined in the
multi-camera reference frame Fg to the fixed world frame Fyy .

Fig.2. A 2D-3D line correspondence represented as Pliicker lines.

e Pliucker representation of a 3D line segment in the world frame is a 6-vector

Ly = [Ug;/ VVZHT computed from the 3D line end-points P!V, PbW.

e Ly can be expressed in the camera reference frame F¢ as follows:
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Lo=[UF V& =T1w = (

Fig.1. An illustration of the non-perspective pose estimation problem from line

e RS, = RERG, and t§, = R&LSG, +tS,, where (RS, t%) is the known camera
correspondences.

extrinsics and (RS, t$,) is the unknown pose of the multi-camera system.
Note: In general, the minimal case for non-perspective pose estimation can
be three 2D-3D line correspondences from a multi-camera system made up of
either two or three cameras.

e Plicker representation of the 2D line correspondence is a 6-vector [ =
s oE]
C C

NP3L: 3-Line Minimal Solution Reprojection Error for RANSAC

Solving for RS,

computed from the 2D line end-points p,, pp.

o PY, PbC . end-points of 3D line transformed into camera frame.

o Since ULV is zero for any Pliicker line (U1 V11! uc is parallel to Ug,
and RS, = RERG,, from Lo < o we get

us RERSG, Vi = 0.

® Da, Pp: Teprojection of PY, PC onto the image.

® Dy, Pp: camera matrix normalized 2D line end-points.

C e 1 do + dp
Reprojection Error: e = " "
: 2(|[py — Pall)

Fig.3. An illustration of reprojection error from a 2D-3D line correspondence.

(2)

e Rewrite Eq. (2) into ar = 0. a is a 1 x 9 matrix from known variables u}, —
RE and Viy, and r is a 9-vector from the unknown rotation matrix RS, .
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Simulations (Non-Perspective):

e Given three 2D-3D line correspondences in the minimal case, we get Ar =
0 where A is a 3 X 9 matrix from a;,Vj = 1,2,3. Right null-space of A

g1ves
r = 101 + Babs + B3bs + Baby + B5b5 + Bebs. (3)

e Setting O = 1 and enforcing the orthogonality constraint on the rotation
matrix formed by r, we get a system of 10 polynomial equations in terms
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Solving for t%/ Dataset 02

/

e Since Us and uc are parallel, from Lo < o we get : : .\, T EZEEET
U Simulations (Perspective): 1
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e Solution of the unknown ¢ = [ty 3, Uy, 1]° is given by the right null- : : -
space of B which is made of known variables variables Rg, tg, Rﬁ/, uc, Uw :
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and VW .

NPnL: = 3 Line Correspondences

e For n > 3 2D-3D line correspondences, A and B are n X 9 and 2n x 4
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Real Data (Non-Perspective):

Table 1: Average errors from the multi-camera systems emulated with 3, 5, 10,
20 and 25 cameras from datasets 01 and 02 respectively.

matrices. The solution steps remain the same as the minimal case. Dataset ; - # of (igmeras 20 -
- — 01 (R Error) | 0.0119 | 0.0051 | 0.0041 | 0.0032 | 0.0034
S ecial Cases 02 (R EITOI“) 0.0562 0.1600 0.1381 0.2166 0.2778
01 (¢ Error) 0.0886 0.0465 0.0256 0.0289 0.0262
02 (¢t Error) 0.0380 0.0459 0.0700 0.0747 0.0900

¢ One Camera: becomes the perspective pose estimation problem when
all line correspondences are seen by only one camera. Camera extrinsics
(RS, t&) vanishes and we directly solve for the camera pose (RS,,tS,)

without any change to the algorithm.
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Real Data (Perspective):

Table 2: Comparisons of errors from our algorithm, Zhang et. al. and Mirzaei
et. at. for one camera.

. .. . Zhang et. al. Mirzaei et. at. Ours
e Parallel 3D Lines: mml.mal case where two or alé the three 3D lines Dataset 7 Error | £ Ertor | B Error | £ Error | B Error |  Error
are parallel. Rank of matrix A drops below 3 and Ry, cannot be solved. 01 0.3016 0.1988 0.3733 0.2015 0.0155 0.0195
Fortunately, we can prevent this degenerate case by omitting parallel lines. 02 0.0698 0.0407 0.0186 0.0229 0.0369 0.2549




