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CONTRIBUTION CASE STUDY - SHAPE MODELING RESULTS
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OPTICAL SCANNER

A structured light scanner meets the require-
ments of having a high precision, and of being
non-destructive. The setup [1] provides a sin-
gle point cloud for a complete 360° scan. The

mean point-wise distance from CT to optical scan
is 0.2425 mm for a fox skull, and 0.3957 mm for a
bulldog skull.
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Figure 1: Left: Histogram of point-wise distances from
CT to optical scan for a fox and bulldog skull. Right:
Point-wise distances on the skulls. Larger deviations
occur at the areas that are most likely to be occluded.

CASE STUDY - SKULL SCANS

The scanned specimen include 24 skulls from the
Brazilian collection at the Natural History Mu-
seum of Denmark. All skulls are incomplete, and
9 skulls consist of mere bone fragments.

Figure 2: Left: Point cloud of a Brazilian skull obtained
by the optical scanner (density: up to 300 points per
mm?). Right: Poisson reconstructed surface.

landmarks.

CASE STUDY - SHAPE MODEL

The authors built an active shape model [2] based
on the forensic database 3D-ID.org, and included
759 of the most complete skulls and 23 land-
marks.

Figure 3: Placement of the anatomical landmarks

The 15 most complete Brazilian skulls are in-
cluded in the shape model, and the landmarks
were manually placed. Due to missing data, not
every skull has all landmarks.

Figure 4: Landmarks (mesh vertices) of the 15 skulls
from the Brazilian collection compared to the mean
skull shape from the 3D-ID.org database.

The authors followed the conventional approach
with aligning the shapes using Procrustes anal-
ysis (translation and rotation, but not size), and
performed the PCA to identify the variation
within the shapes.
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Figure 5: Gender on PC 1 vs. PC 2

The size of a skull is the largest contributor to
shape variation, and explains nearly 30% of the
total variation. Thus, the first principal compo-
nent direction (PC 1) correlates highly to the gen-
der distribution. The Brazilian skulls are not dis-
tinguishable from the general population.

The separation of the Brazilian skulls from the

* Automated registration of scans

So far, the process of scanning a single skull
is a lot of manual work: A skull is placed in
four different positions for scanning, and the
resulting point clouds are assembled using
the ICP algorithm implemented in the Mesh-
Lab tool. We are planning to automate this
registration process.

* Point-to-point registration and partial data
Instead of using manually annotated land-
marks, we are aiming at using the full 360°
point cloud. This would provide more infor-
mation, but requires a correspondence be-
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Figure 6: Origin on PC 2 vs. PC 4

general population is most evident for PC 4
against PC 2. The three landmarks at the back
of the skull contribute most to the fourth prin-
cipal component. This indicates that the Brazil-
ian skulls are distinguished from other considered

populations by the shape of the posterior portion
of the skull.

tween the different skulls. One of the chal-
lenges is that ancient skulls are incomplete.
We plan to reconstruct the missing parts by
incorporating specific shape priors in a sta-
tistical 3D model of a human skull.

* Scanning more collections

We are planning to scan a collection of horse
teeth, and of polar bear skulls in collabora-
tion with the Natural History Museum of
Denmark. We will not only document and
visualize our cultural heritage, but poten-
tially reveal new discoveries within evolu-
tionary biology.
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