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I.. Shape Eigenmatrix

We follow the approach of Hasler et al. presented in

[1]. Here, the authors register a template mesh with P

vertices into a point cloud using global and local mesh

deformations. Given S laser-scans, let Ms ∈ R3P , s ∈
[1 : S] be the stacked vertex positions of the fitted meshes.

Now, we compute the average mesh

M =
1

S

S∑

s=1

Ms. (1)

Note that M corresponds to M0,χ
0
in Sect. 3.1 of the

paper. Then, we compute the auto correlation matrix

C =
1

S

S∑

s=1

(Ms −M)(Ms −M)T . (2)

Let Φs, s ∈ [1 : S] be the eigenvectors of C, sorted from

most significant to least significant. A suitable eigenvector-

matrix is now defined as

Φ = [Φ1 · · ·ΦR] , (3)

with R ≤ S. The corresponding shape parameter vector is

denoted as ϕ ∈ RR.

II.. Analytic Derivatives

Let ϕ, χ, Mϕ,χ, Nϕ,χ, and Φ be defined as described

in Sect. 3.1 of the paper. Furthermore, let Φχ0
(p, i) ∈

R
3×1 be the sub-matrix of Φ that influences the p-th vertex

of Mϕ,χ and is multiplied with the i-th shape parameter

ϕi in ϕ. Now, we define Θχ(p)[·] to be the linear blend

skinning transformation of vertex p, so that

Mϕ,χ(p) = Θχ(p)[Mϕ,χ0
(p)], (4)

Nϕ,χ(p) = Θχ(p)[Nϕ,χ0
(p)], and (5)

Φχ(p, i) = Θχ(p)[Φχ0
(p, i)], (6)

with p ∈ [1 : P ] and i ∈ [1 : |ϕ|]. Note that Θχ(p)[·] does
not apply a translational offset to directional vectors such

as Nϕ,χ0
(p) or displacement vectors such as Φχ0

(p, i) but
only to positional vectors such as Mϕ,χ0

(p).
Now, let M(p), T (q), and N(p) be defined as in

Sect. 3.2 of the paper. The partial derivatives of the

distance functions dpoint and dnormal with respect to the

i-th shape parameter ϕi are defined as

∂dpoint(p, q)

∂ϕi

= 2〈M(p)− T (q),Φχ(p, i)〉, and (7)

∂dnormal(p, q)

∂ϕi

= 2〈M(p)− T (q), N(p)〉 (8)

· 〈Φχ(p, i), N(p)〉.

Analogously, the partial derivative with respect to χ are

∂dpoint(p, q)

∂χ
= 2〈M(p)− T (q),M′

ϕ,χ(p)〉, and (9)

∂dnormal(p, q)

∂χ
= 2〈M(p)− T (q), N(p)〉 (10)

· 〈M′

ϕ,χ(p), N(p)〉, with

M′

ϕ,χ(p) = Θ′

χ
(p)[Mϕ,χ0

(p)], and (11)

Θ′

χ
(p) =

∂Θχ(p)

∂χ
. (12)

The calculation of the partial derivative Θ′

χ
(p) highly

depends on how Θχ(p) is represented. A good explanation

for twist-based representations of Θχ(p)—as used in our

implementation—can be found, e. g., in Murray et al. [2],

Chapter 4.
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