
Appendices
A. Appendix A

We prove the invariance under local diffeomorphism that
was used in Section 4 of the main paper and we then provide
qualitative results on the NRSfM challenge dataset.

A.1. Invariance under Local Diffeomorphism

In figure 1, η is the image registration function, which
means that we have x = η(x). We can then write(
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)
=
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∂u
∂u

∂u
∂v

∂v
∂u

∂v
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)(
du
dv

)
= Jη

(
du
dv

)
, (23)

where Jη is the Jacobian of the function η. Thus, under a
change of variable from x to x, we write E (φ◦η) in terms
of E (φ) ( written as (2)) as

E (φ◦η) =
((
e1 e2

)
Jη |Jη|e3

)
= E (φ)diag(Jη, |Jη|).

(24)
We now introduce a theorem that describes the relation be-
tween moving frames related by a local diffeomorphism.

Theorem 1 (Moving frames under local diffeomorphism).
Given two surfaces S and S related by a local diffeomor-
phic mapping ψ, their respective moving frames E and E
are related by a linear transformation.

Proof. From figure 1, we can write φ = ψ◦φ◦η and there-
fore,

Jφ = Jψ◦φ◦ηJφ◦ηJη. (25)

According to inverse function theorem, Jψ is a linear func-
tion if ψ is locally diffeomorphic. Thus, we write Jψ =
diag(λ1, λ2, λ3)R where λi are scalars and R is a rota-
tion matrix. Using this result and the expression of E (φ)
in terms of Jφ in (2), we write (25) as

E (φ) = diag(λ1, λ2, λ3)RE (φ◦η), (26)

where E (φ◦η) is given by (24).

Given the relation (25) obtained between moving frames
under local diffeomorphism, we now derive the relation be-
tween connection components Γ

i

jk(φ) and Γijk(φ) in the
next theorem.

We write wij = Γij1du+Γij2dv, and thus, the linear sys-
tem in (3) can be written as

dej =
∂ej
∂u

du+
∂ej
∂v

dv = w1
je1+w2

je2+w3
je3, j = [1, 2, 3]

(27)

Theorem 2 (Connection preservation under local diffeo-
morphism). Given two surfaces S and S related by a local
diffeomorphic mapping ψ, their respective connection com-
ponents Γijk(φ) and Γ

i

jk(φ) are preserved, i.e., Γ
i

jk(φ) =

Γijk(φ◦η).

Proof. Using the relation between E and E obtained in (26)
in (27), we getλ1e>1λ2e
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(28)

The above relation is thus independent of λi and R. We
write wij(φ) = wij(φ◦η) and thus, Γ

i

j(φ) = Γij(φ◦η).

Upon expanding the relation between the connec-
tions (28), we getΓ
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We write Jη =

(
a c
b d

)
and the above expression can be

written as
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Substituting Γijk and Γ
i

jk from (4) gives

Γ
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D
(1+(1+v2)x22+ux1+2vx2+uvx1x2) =

2β4(ax1+bx2)d

DJη

(
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−
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From the last expressions, we can that the last 8 connections
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32), do not contain
second order derivatives of η.


