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Context and summary

Craniofacial geometry has been suggested as an index of early brain dysmorphogenesis in
neuropsychiatric disorders of developmental origin, like autism (1), fetal alcohol syndrome (2),
schizophrenia and bipolar disorder (3). We investigate the impact of inconsistency in manual
annotations when used to train automatic models for 3D facial landmark localization.

We present a new family of 3D geometry descriptors based on the asymmetry patterns
present in the popular 3D Shape Contexts (3DSC)[4]. Our approach resolves the azimuth
ambiguity of 3DSC, thus providing rotational invariance, at the expense of a marginal increase in
computational load, outperforming previous algorithms dealing with the azimuth ambiguity.

3D Shape Contexts Asymmetry Patterns

We build on a recently presented
measure of approximate rotational
symmetry in 2D [6], defined as the
overlapping area between a shape m
and itself after a rotation by an angle ¢:

- Area(m N R(m,0))
B Area(m)

» Provide a description of local geometry based on histograms
built over a spherical grid.

» Stand out due to theie accuracy when used to locally search
facial landmarks.

» The spherical grid is centered at the point of interest and the
North pole is oriented with the normal to the surface

» Elevation and radial bins are well determined but azimuth
remains ambiguous.

Sc(m,0)

We adapt the above to extract asymmetry patterns
from a 3DSC and show that, for a sequence of bins m
covering all azimuth indices, the summation of absolute
differences between m and a rotated (shifted) version
of itself is a measure of its asymmetry.
For instance, given a 3DSC des-
criptor X we can fix the indices
for elevation (i) and radius (k) and
vary only azimuth (j) to obtain
rings as illustrated in the figure:

Asymmetry Patterns Shape Contexts

» APSC provide accuracy comparable to 3DSC but are
rotationally invariant and use only half as much memory.
» APSC outperform previous rotationally invariant approaches:
much more accurate than Unique Shape Contexts (USC) [5]
and much faster than Harmonic Shape Contexts (HSC) [4].
» APSC can be built incrementally from a 3DSC.
» All APSC share the same 3DSC (computed only once).
» An APSC takes only 5% to 10% extra time to build than
a 3DSC descriptor.

Mj = Xi jk;
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