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Clever elimination strategy

i+E+f relative pose problem - NEW SOLVER

e New strategy for solving minimal problems Divide the n unknowns X into two subsets: After eliminating the unknown focal length f from (10) and (11) we get E+f relative pose problem
e Do more computation in an off-line stage and less in an on-line stage X1 = {x; € X |z; appears in some f € F} (5) o . N e Relative pose of one calibrated and one up to focal length calibrated cam-
¢ Many minimal problems in computer vision lead to coupled sets of lin- Xy = X\ X (6) one qubic era from 6 point correspondences
ear aqd polynomial equations where image measurements enter the linear N " det(F) (12) e Similar constraints to f+E+f problem - E = FK; K = diag(f, f, 1)
equations only X1, - unknowns that appear in linear equations and the quintic e SOTA solver [2] - ten 3" and 4'"* order polynomial equations in three un-
e New St{‘atf?gy . . . X n - unknowns that appear in equations of higher degree only \ , , \ \ knowns, G-] elimination of a 21 x 30 matrix
1. Eliminate all unknowns which do not appear in the linear equa- Notation: J11fisf31 + Jisferfesfs1 + f1nf13 /93 31 + Jerfa3 /31 — finf13 /51 (13) o After eliminating the unknown focal length f from (10) and (11) we get
tions - do this only once in the pre-processing step (oftline) Fr| =mr,|Fn|=mn,| X1 =np, | Xn| =ny, m=mr +mpy,n=ng +ny. . . ) 5 5 one cubic and three quartics in two unknowns
2. Extend solutions to the other unknowns —fo1f23 /31 + Ji2S13 /32 + fisJ22 23 32 + fi2 13 [93 32 + [22/53 /32 e The new EI-Ef solver performs G-] elimination of a 6 x 15 matrix
e Can be generalized to fully non-linear systems by monomial lifting Idea: Eliminate variables X from F'y in the pre-processing (offline) step — frof13 2 Fao — fof2afas — fi1fisfarfo — fo1fosf31 /2 — Fiafisfs,
e New constraints on the fundamental matrix of partially calibrated cameras | | - ~ 2 w3 5 000 — Bracs 0 | — g0y | —uamgia oo
Offline: —foafasfaa— i1 i3 fas—faafes f31 32 — 2 11 1321 fes /33 — 2f12 13 22 f23 /33 1500_ — e o a00] — et 0 a00] — et 70
: : 1. Let I = (F) and consider the elimination ideal I'x,, = I N C[X]. £2 2 f 2 £2 2 2 2 2 600 600
. . — 33 — foofo3f33 + J11J31/33 + Ja1J31/33 + 2 11 1231 /32 /33+ ool
Basic algebralc geOmetry 2. Compute the generators G of I x, containing only unknowns in X7 . 210 22 S 5 o e 5 5 400 400
Consider a system of m polynomial equations in n unknowns X ={x1,...,z,} Online: | | | | 2fnJ22 51 Js2 33 ¥ Jia 32 33+ Jia s fas. ™| 200| 200|
3. Rewrite the linear equatl.ons F'1, in the unknowns .X ,as MX; = 0. in two unknowns  and 7. —t D o =
F — {f]_ (5517 o 7567’2,) — O7 Ce. fm (ZE]_, Ce. an) — O} (1) 4. Compute nu11 Space baS].S N Of M and re-parametrlze the unknowns \_ J Log, , focal length error Log, , focal length error Log, , radial distortion error
X7, =NY. ForrankM = mg, Y contains £ = n; —my, new unknowns. . : E-+f relative problem E+f+k relative pose problem
Assume that the set F' = {f1, ..., f} generates a zero dimensional ideal 5. Substitute X; = NY into the generators GG of elimination ideal Ix . ?fﬁu:t' Ths zceiro set of (1(21) .arzd lgli) ;ﬂ?gff?efsp?{cioi .all fund?mental matrices
6. Solve the new system of polynomial equations G(Y) = 0 in k un- at cail be decomposed Into + =  forK = diag(f, f,1). E+f+k relative pose problem
I = {Z gifislgr, ..., gm € C|X ]} c C|X], (2) knowns (e-g-. by the automatic generator [5]). The generators (12) and (13) of the elimination ideal I; = I N e Relative pose of one calibrated camera and one camera with unknown
= 57; gaCk'ZUbStltu’lfe t? recovefr X )L( — NY.] - C | f11, fi2, f13, fo1, fo2, fo3, f31, f32, f33], i.e. the elements that do not contain the focal length and unknown radial distortion from 7 correspondences
. Extend partial solutions for X; to solutions for X. - - : . _ SRR : -
Grobner basis G in Lex order - a special basis of the ideal I = (G) which con- | | - P | | tocallength f, can be computed ottline using the following Macaulay2 [3] code: e One-parameter division model for distortion
o o o o et L 2 2 —l_
tains polynomial in one variable . (R = 00[f, £11, £12, 13, £21, £22, £23, £31, £32, £33] ; A Xu; (A) = T4, Ya;, 1+ Mg, +y3.)]
Elimination theory - classical algorithmic approach to eliminating some vari- f+E+f relative POSE prOblem F = matrix{{f11,£12,£13},{f21,£22,£23}, {£31,£32,£33}}; e Epipolar constraint - x] Fx/, (\) = 0, - results in non-linear polynomial
ables between polynomials of several variables Problem of estimating relative pose and the common unknown focal length of K = matrix{{f,0,0},{0,£,0},{0,0,1}}; egu]ztlons o o
Ce . . . . . 2 : E = K«xF«K;
The j'* elimination ideal of [is I; = INC|z,41,...,2,] - we eliminate the first two cameras from six image point correspondences: e e SOTA solver [4] - careful manual manipulation of the input equations, a
' lables to obtain /; : : Epipolar constraints I = minors(l,2xExtranspose (E)E | | G-] eliminati f : ' P ,
jJ variables to obtain /; p1p o _trace (Extranspose (E)) «E) +ideal (det (E)) ; arge solver — -I e m.unatl.ono a 200 ><. 231 matrix | |
Theorem: Let G be a Grobner basis for I in the lex order. Then G N X; Fx; =0 (7) G = eliminate (f, saturate (I, ideal (f))) * The new solover.— f1rst linearize the equations from the epipolar constraint
Clzji1,...,2y,] is a Grobner basis for the j°h elimination ideal ;. o . | dim G, degree G, mingens G via monomial lifting
3 5 9 24 . . , for six image point correspondences x;,x;, ¢t = 1,...,6.. - ¥ ¢ Then eliminate the focal length f and the radial distortion parameter \
E;anglple: Let I = (2° +ay + 1, $2 y*,y"). Its Grobner basis in the lex order is | | Rewrite in a matrix form R | o, e New generators - two cubics and nine quartics in four unknowns
y*,2° + zy + 1. Therefore I, = (y°) Mf =0, (8) 4> = s e The new EI-Efk solver performs G-] elimination of a 51 x 70 matrix
ol 1000 | . .
Standard elimination Strategy where Mis a 6 x 9 coefficient matrix and £ is a vector of 9 elements of F. ol F+ﬁ relative pose of unsynchronlzed cameras
For six image correspondences F can be parametrized by two unknowns as .l 500 e Simultaneously estimation of camera geometry and time shift 8 for unsyn-
Partitioned F' into two subsets: . /\ chronized cameras
F=xF, +yFy+F3, 9 /| ~ o 1 G _
- (e F ) =) . e ¥ LD YN — T e
« og,, focal length error - -
= {f; € Fldeg(f;) >1}. (4) W}:iere Fi,F9,F3 all;e matrices from the three-dimensional null space of M and x Intersection of two equations in two unknowns Log,, of the relative error of f e For more detailsgsee Postgr 2003 [1] - (Tuesday, July 25, 10am)
and y are new unknowns. elovate o1
F}, - linear polynomials from F The rank constraint EEEEE EEOE 3 : DR R Summary
Fn - pol 1als of higher d Sraiiiiiiiiiiiiiiii il SO il Thnn e,
N T PRLTDTIAS OF HEHE SE6TEE det(F) = 0 (10) B . L N e Y. Erfrk 7
SOTA Grobner basis solvers - variables are mostly eliminated in the online phase D BED of HHELHL R
Online: y P The trace constraint : GG HHE O E D S L SOTA 31 x46[5] | 21 x30[2] | 200 x231[4] | 633 x 649 [5]
: cers  weserss iiiesers $ilessiiel T R El (new) 21 X 36 0 x 15 51 x 70 194 x 210
T —_ T — I cees ce00000 900000000 9000000000- ceee see oo o
1. Rewrite the linear equations FJ, in the unknowns X; as MX = 0, where 2FQF QF —frace(FQF Q)F =0, () of LSRR
M is a coefficient matrix. | - R IR T ; - - - T N———
Where — KK = dZCL , , 1 i 0 10 20 30 40 nz = 276 R f [3] D. Grayson and M. Stillman. Macaulay2, a software
2. Compute a null space basis N ot M, re-parametrize the unknowns X; = NY'. ! 9U= 1% e =8 X CTETEREES o | | system forrescarch in algebraic geometry.  available at
3. Substitute X = NY into the non-linear equations Fly. All SOTA solvers solve these ten third- and fifth-order polynomial equa- @) (b) . gnﬁfiivfiﬁvgzﬁni;if Eiiyiieifﬁ e 1 263?3112 f Zwlzumn;h] ;:lr:uffl\i(hlﬂnj Z.Astr@m. Minimal solvers for
4. Solve the system Fiy (Y U(X\ X1 ))=0 (e.g. by the automatic generator [5]). tions (10) and (11) in three unknowns z,y and w = 1/ f~ Sparsity patterns for the solvers to the t+F+f problem: (a) state-of-the-art 31 x 46 2017. relative pose with a single unknown radial distortion. In CVPR, 2014,
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