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[Abstract]

To efficiently retrieve and store geometry information in three dimensional space, those partitioning grids including the octree
and kd-tree defined in the Cartesian coordinates are often used. Unlike this, partitioning grids defined in non-Euclidean space are
relatively not fully studied. In this paper, I present and discuss the features, applications, and limitations of a non-Euclidean space
partitioning method, S-Octree, which is defined in the spherical coordinates to gain some insights for better methods. First, I show
discontinuity issues that happen at near certain points. Then, I present how those numerical errors typically occur with angle-based
geometry information processing algorithms affect S-Octree by experiments. Those errors can be accumulated by repeated
conversions but I represent some cases where the accumulated errors converge to upper bounds. Also, I discuss the rotational

invariance for those features required in better new non-Euclidean space partitioning methods.
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Table 1. Pseudo code to calculate L2 errors caused from
the coordinates conversion

Algorithm 1: Conversion Errors — process L2Error(V)

Input:
® Vertex Set V = {v, ..vq} in three dimensional Cartesian coordinates
(X,y,z) of a mesh, i.e. Vi=(X1,y1,21),...Va=(Xn,¥n,Zn). The mesh is centered at
the origin point (0,0,0) and all vertices are contained in a unit sphere.
Output:
® RMS error vector eV = {ej, ...¢,}
process c2s(X):
foreach v; in X do
R; = sqri(x*+yi+2°)
;= atan2(sqrt(x+y;’), z)
o; = atan(y;, X;)
append (R;,6;, ¢;) to a set S
retum S
end

11vi = (X, Vi, Z)

process s2¢(S):
foreach s; in S do
X; = R;sin ©; cos O;
yi = Risin 6; sin ¢;
7 =R;cos 6;
append (xi, yi, z) to a set S
retum S
end

'si= (R, ©;, ¢3)

main process L2Error(V):
V> =52¢(c2s(V))
for vi, u;in V, V’ do
&= vi- uill2
retum eV

error min : 1.84X10°
error max : 1. 38X10'7

LFEET MI HAl.

I TT
2w FES xF vE, 2
e Al

Fig. 7. L2 errors (root mean squared errors) caused by
a serial conversion operations between the
Cartesian and spherical coordinates (Cartesian —
spherical — Cartesian) measured on the vertices
in a square plane mesh on the XY plane (Z=0).
The red/green/blue arrows indicate the X/Y/Z
axes respectively. Z axis is not indicated from

this view.
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Table 2. Pseudo code to calculate accumulated L2 errors
caused from iterative coordinates conversions

Algorithm 2: Accumulated Conversion Errors
— process AccumL2Error(V)
Input:
® Vertex Set V = {vi, ...vp} in three dimensional Cartesian coordinates
(x,y,z) of a mesh, i.e. vi=(X1,¥1,21)s...Va=(Xn,yn,Zn). The mesh is centered at
the origin point (0,0,0) and all vertices are contained in a unit sphere.
® A variable to indicate the number of iterations, iter
Output:
® Accumulated RMS error vector E = {ey, ...e,}
main process AccumL2Error(V)
originalV =V
fori< iter do
V =5s2c¢(c2s(V))
append ||original V-V|rto E
retum E
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