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Efficient Sphere Partition Method for Finding the Maximum Intersection
of Spherical Convex Polygons

Ha,J. S.*

ABSTRACT

The maximum intersection of spherical convex polygons are to find spherical regions owned by the
maximum number of the polygons, which is applicable for determining the feasibility in manufacturing
problems such mould design and numerical controlied machining. In this paper, an efficient method for
partitioning a sphere with the polygons into faces is presented for the maximum intersection. The max-
imum intersection is determined by examining the ownerships of partitioned faces, which represent how
many polygons contain the faces. We take the approach of edge-based partition, in which, rather than
the ownerships of faces, those of their edges are manipulated as the sphere is partitioned incrementally
by each of the polygons. Finally, gathering the split edges with the maximum nurmber of ownerships as
the form of discrete data, we approximately obtain the centroids of all solution faces without construct-
ing their boundaries. Qur approach is analyzed to have an efficient time complexity O(nv), where n and
v, respectively, are the numbers of polygons and all vertices. Furthermore, it is practical from the view
of implementation since it can compute numerical values robustly and deal with all degenerate cases.

Key words : Visibility map, Maximum intersection, Mould design, NC machining, Spherical algonthm,
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Fig. 3. Central projection of a great circle into two planes.
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Procedure VisibilityMap(P)
Input: P={p,,..., p,) that is the Gaussian map of
a surface S, where pi=(x;, ¥ 22)
Output: The visibility map (NULL, POINT, EDGEM,
POLYGON) of §
1. Obtain a solution (x*, »*) from either of the
two LPs of
1.1 Minimize x subject to xpx+vy+z;=0 for all
pEP.
1.2 Minimize x subject to xx+yy-z;20 for all
pEP.
2. if (x*, *) is not found then retum(NULL).
Obtain a solution (x,y",2°) of the smallest sphere
enclosing P that inimizes » subject to (x—x)*+
(=¥ Hz=2P<r for all pEP
3. 4f (x°,)%,2)=(0,0,0) then
O the points on the great circle GC(x*, y*, 7).
Find a feasible sofution x** from either of the
two LPs
3.1 Minimize x subject to x}x+y 20 for all
XYL EQ.
3.2 Minimize x subject to x;x-y/ 20 for all
YLGEQ.
Compute the visibility map directly.
if x** is found then return{ EDGE)
else return(POINT)
endif
4. Find the farthest point 4, b, cY= P from (¥, ¥/, ¥).
5. Sort P using the value of

cy—bz;

|{b2+c2)x,-—aby,-—acz| +|eyi—bz|

6. Apply the Graham scanning for obtaining the
convex hull {s,...;;} of P.

7. if &1 then split the great cicle GQlu)) and reum
(POLYGON).

8, if /=2 then split the two half<circles of GClu,),
GQw,) and retan(POLYGON).

9, Construct the visibility map (v,..»} such that
v X i,

#=-CAD./CAMEE] =53 Ao A23 2001F 6%
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Fig. 4. Ownerships of split edges.

10. Rern(POLYGON).
endProcedure VisibilityMap
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Fig. 8. Splitting edges and updating ownerships.
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Table 1, Edge advancing rules based on facing on §°
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Fig. 7. Inscribing and circumscribing circles of a polygon.
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Procedure MaximumIntersection(VMS)

Input: A set of visibility maps VMS=[VM,,.., VM,)

Output: An approximating cetroid of a maximum

intersection face

1. foreach a pair of (VM,, VM)SVMS do
Compute the intersection poiats of VM, and VM,
Split the edges of VM, and VM; with the intersec-
tion points.
Update the ownerships of all edges of VM, and VM,

endforeach

2. Find an edge ¢ that has the maximum number
of ownerships by traversing VMS.

3. E=ley,...ep ) edges with the same ownership
with ¢, which are in VMS.

4. if L=1 then return(the center of ¢,).

S, Ve the poles of great circles passing the edges

in £ such that vi<e,. Xe,

6. Find the smallest sphere enclosing P.

7. Remrn(the center of s).

endProcedure MaximumIntersection
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