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JACOBIANS’ COMPUTATION

In this additional materials, we provide the mathematical derivation of the Jacobians shown in the manuscript. In the
remaining we indicate with Zij the factor directed from pose Xi = [Ri | ti] to matchable Mj . In this scenario, ∆Xi ∈ R6

and ∆Xj ∈ R5 will refer respectively to a pose and a matchable perturbation. We refer the reader to Sec. III and Sec. IV
of the manuscript for details on the aforementioned objects.

Given this, the complete Jacobian deriving from factor Zij will be computed as follows:

∂eij(X � ∆x)

∂∆x
=

∂eij(Xi � ∆xi,Mj � ∆xj)

∂∆x
=
(

07×6 · · · 07×6 Ji 07×6 · · · 07×6 | 07×5 · · · 07×5 Jj 07×5 · · · 07×5
)

where

Ji =
∂eij(Xi � ∆xi,Mj)

∂∆xi
(1)

Jj =
∂eij(Xi,Mj � ∆xj)

∂∆xj
(2)

Recalling Eq. (13) of the manuscript, we defined the error between predicted and actual measurement eij(Xi,Mj) =
Ẑij − Zij as

eij(Xi,Mj) =

ep

ed

eo

 (3)

where ep, ed and eo indicate the errors respectively between the origins, the directions and the orthogonality. Finally, we
will use the following notation for the predicted and actual measurement:

Zij = 〈pij ,Rij ,Λij〉
Ẑij = 〈p̂ij , R̂ij , Λ̂ij〉

Indicating with ux the unit vector [1 0 0]>, the Jacobian Ji in Eq. (1) is computed as

Ji =


∂ep

∂∆xi

∂ed

∂∆xi

∂eo

∂∆xi

 (4)

where

∂ep

∂∆xi
=
(
R̂>ij −R̂>ijbRipij + tic×

)
∂ed

∂∆xi
=
(
03×3 −bRiRijuxc×

)
∂eo

∂∆xi
=
(
01×3 u>x R>i R>ijbR̂ijuxc×

)
.

Here, bvc× denotes the skew-symmetric matrix built from vector v.



Analogously - according to Eq. (2) - Jj is composed as follows:

Jj =


∂ep

∂∆xj

∂ed

∂∆xj

∂eo

∂∆xj
.

 (5)

In the remaining we will indicate with bvcF the clipped skew-symmetric matrix built from vector v as:

bvcF = bvc×

0 0
1 0
0 1

 .

Given these operators, Eq. (5) will expand in the following quantities:

∂ep

∂∆xj
=
(
−R̂>ij −bR̂>ij (Ripij + ti)− p̂ijcF

)
∂ed

∂∆xj
=
(
03×3 R̂ijbuxcF

)
∂eo

∂∆xj
=
(
01×3 −u>x R>ijR

>
i R̂ijbuxcF

)
.


