
1. Appendix to Fig. 5
In the following we provide some explicit mathematical

expressions for the algorithm in Fig. 5. We left them out
from the paper for space reasons, but also since they are
not necessary for understanding the approach as they can
be derived. Here we provide them for convenience, e.g. the
entries of P in case I and case II, as well as the way how the
least squares systems in the M-step are solved.

1.1. Rigid Registration (case I)

• E-step: Compute matrix P for pair X and Y` with en-
tries
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• M-step: Solve for R`,t`, i.e. minimize Qrigid(R`, t`)

by solving a least squares system, 1 being a vector with
all entries set to 1, X and Y are the matrices obtained
by stacking all point coordinates from X and Y` into
combined matrices.

Np = 1TP1,
µx = 1

Np
X TPT1, µy = 1

Np
YTP1,

X̂ = X − 1µTx , Ŷ = Y − 1µTy ,
A = X̂ TPT Ŷ,
(U, V,C) = svd(A),
R` = UCV T

t` = µx −R`µy

1.2. Non-rigid Registration (case II)

• E-step: Computer P for all pairs Y`, X
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The terms dn, dm,dk correspond to the bias values at
the respective pixel radius from the center, as stored in
(d1, . . . , dO).

• M-step: Solve for (d1, . . . , dO) by combiningOK̇ lin-
ear equations of the form ∂(Qnon−rigid(d1,...,dO))

∂di
= 0

into a joint linear least squares system (i.e. combine
the equations for all ` = 1, . . . ,K)


