


3D object is efficient not only for saving memory but also
for analyzing symmetry
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Fig.1. Flowchart of the system

3. IDENTIFYING PLANES OF SYMMETRY
3.1 PRINCIPLE

The principle of identifying a plane of symmetry on an
object with potential bilateral symmetry is to find the
largest symmetric subset on the object and to employ the
plane of symmetry the subset provides as the plane of
symmetry of the object itself The largest symmetry subset
can be calculated employing a reflected image of the
object

Let us denote an object in the xyz coordinate system
and its reflected image by O={(xy,z)} and O'={(xT " z")},
respectively, and the transform by 7  containing the
rotation around the x-axis and the z-axis and parallel
transformation. Then the following value is calculated,

{_):n‘ginl 0-T(0") |, (1

which represents the minimum number of the voxels in the
difference image between (7 and 7{O"). Here the parallel

transformation is always performed so that the difference
image between () and 7(OF) has always bilateral symmetry
with respect to the reference plane (refer to section 3 3).
The overlapped portion of (O and 7{OF), therefore, gives
the largest symmetric subset of object ).

3.2 REFLECTED IMAGE AND SUPERPOSING

An initial reflected image of an object O is simply
created by changing the sign of the y coordinate of all the
voxels contained in O, re, O = O(x, -y, z). This is
equivalent to regarding the x-z plane as a tentative
reference plane. In order to obtain D of Eq.(1), the two
objects O and 7{OF) are superposed by changing variables
&, ¢, and y defining transform 7" Figure 2 shows the
reflected image of the original and the transform 7

T=T( 8, ¢: %) 7Y T

Fig.2. Reflected object and transform

3.3 RESTRICTION OF PARALLEL TRANSFORM

Parallel transform of the reflected image is given
restriction, since it must satisfy the condition that the
difference image between O and 7{0OF") has always bilateral
symmetry. This comes from the fact that the idea is
equivalent to finding the plane which gives the best
symmetric match by examining bilateral symmetry of an
object O with respect to a plane arbitrarily set on ().
Therefore, when two objects are superposed, the centroid
of T{O") moves on the following straight line;

(i) in the case of #= =0,
x=0, z=0 (i.e the y-axis),
(1) in the case of #=0, ¢ #0,
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(i) in the case of # #0, ¢=0,
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3.4 SETTING A REFERENCE PLANE

When Eq (1) is achieved by the transform 7( #*, ¢ *,
V5)=T"*, the reference plane of symmetry is defined as the

perpendicular bisector between the centroid of O (denoted
by G) and that of 7 *(OF) (denoted by GT)(See Fig.3).
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Fig.3. Reference plane

4. EVALUATION OF ASYMMETRY

Once the plane of symmetry is established on an object,
every voxel on one side of the plane is taken
correspondence (if any ) with the voxel on the other side
and those voxels with no partners are marked as
asymmetric voxels. This asymmetric part finding process
works systematically even on octree representation of an
object[4] as well as voxel representation. The asymmetric
voxels and the plane of symmetry are shown on a CRT
display along with the object concerned. Finally a
volumetric ratio of asymmetric part to the whole object,
defined as the asymmetry degree, is calculated by Eq.(2)
and reported An alternative numerical index, the
symmelry degree[3], can also be employed by Eq (3).

asymmetric volume
whole volume

asd =

(2)

sd = 1-asd 3)

5. EXPERIMENTAL RESULTS

The proposed technique was applied to a skull and a
jawbone reconstructed from a set of CT sliced images of a
patient. The 3D voxel image of the skull with the
resolution of 128 x 128 x 128 was analyzed on a
workstation(SS10). Figure 4 shows the original 3D
images of patients' skulls and the resultant images with the
detected planes of symmetry. The plane in the original
image is an initial plane which is not coincident with the
saggital plane in order to inspect the performance of the
proposed technique. Note that the plane of symmetry is
successfully extracted at the saggital plane of the skull.
The detected asymmetric voxels are superposed onto the
examined skull and jawbone, and shown in Fig.5 where
the resolution lower than that of the skull is employed with
respect to the asymmetric voxels to emphasize strong

asymmetry

6. CONCLUSION

A technique was presented for identifying a plane of
symmetry on an object with potential bilateral symmetry
employing the notion of a symmetric subset and a scheme
for evaluating asymmetry of the object was also described.
The technique was applied to a human skull which has
potential bilateral symmetry and its plane of symmetry was
successfully detected. By subsequent asymmetry
evaluation, portions with strong asymmetry were extracted
as well on the skull. Extracting asymmetric part of a
human skull is very useful for easily understanding the
shape and the position of deformed part and this leads to
supporting oralsurgical diagnosis. Foreseeable applications
of the technique other than the aid to oralsurgical
diagnosis may include the analysis of Moire topographic
images for observing osteoarthritis of spines.

Introducing the gradient decent method is now under
consideration in the process of setting reference planes to
realize improvement of processing time
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(al) Input 3D image of a patient's skull (b1) Detected plane of symmetry

(a2) Input 3D image of a patient's skull (b2) Detected plane of symmetry

Fig.4. Identifying a reference plane

skull jawbone

Fig.5. Asymmetric part
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