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Appendix. Computation of relative uncertainty in pose
graph SLAM

To compute the relative uncertainty between any pair of nodes
in our pose graph, we derived the following formula based on the
conventions of GTSAM with reference to Mangelson et al. [10].

First we define the probability distribution of the relative
transformation from submap S; to node S; as:

Si'l'sf — MT‘gil MTSj

(2)

where the poses *Ts, and T, indicate probability distributions
on SE(3) following a right—hand composition:

T=TExp(§) (3)

T is the mean transformation of the distribution, and £ is a pertur-
bation that follows a Gaussian distribution. In Eq. (2) we consider
that the poses have covariances X s, and X S respectively.

In order to derive the expressions for the relafive uncertainty,
we need the adjoint action of T on &, denoted as Ad;(£), defined
as follows:

Adz(§) == Ad;E = Log(T Exp(£)T ")
Exp(Adz&) = T Exp(£)T™"

=1 <1 (4)
T Exp(Ad7€) = Exp(§)T
Exp(§)T=T Exp(Ad;-1£)
Expanding Eq. (2) using Eqs. (3) and (4):
SiTs Exp(5i&s;)
= Exp(—M&g, )MTE{IMTSJEXD(M‘fSJ—) 5)

M5 Exp(—Adag g Vs )M T Exp(MEs))
= MT5 M T Exp(—Ad g 1 Ad e, s JExp(Ms)
1

Let Si'i‘sj 2 M'I‘g:M'i‘Sj, then we can establish the following
equivalence:

Exp(®iEs,) = Exp(_Adeg} AdMisiMESi JEXp(Més;) (6)
J

The covariance of the perturbation on the left should be equal
to the one on the right. However, we cannot compute the covari-
ance directly because of the properties of the exponential map.
Instead, we define stgj = *AdMig1AdMTSEMSSJ-, and use the

Baker-Campbell-Hausdorff (BCH) formula [55] up to first order:
E[%gs %5 ] ~ E[ME5 MG 1+ E[MEs™E)]
+ E[MEEMES] + E[MEs™MEG]

which, after computing the covariance terms, provides an ap-
proximation for the covariance of the relative transformation:

(7)

Bsis; & (AdMTE} AdMiSi )EMSi(AdMi'g? AdMT.si )T
J ]

+ EMSJ'

— (AdMTg}.‘ Admig )Ems;, ms
- ET\AS,‘,MSj(AdMTEJ AdMTSf )T
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