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A Line Generation Algorithm on 3D Face-Centered Cubic Grid
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Abstract Three-dimensional grid where the voxels are rhombic dodecahedra is called FCC
(face-centered cubic) grid which is one of the three-dimensional equivalents of the two-dimen-
sional hexagonal grid. 3D Line generation algorithm is an important and fundamental algorithm in
applications for 3D graphics and images. An integer line generation algorithm on the FCC grid is
presented in this paper. Firstly, a line generation algorithm is observed on the 2D hexagonal grid
based on the adjunct rhomb space, and then is extended to the 3D FCC grid. The method is a
modification of the 3D cubic Bresenham algorithm based on an adjunct parallelepiped space with
the same center and basis vectors. The 3D FCC line is generated employing the one-to-one corre-
spondence between the parallelogram cells of parallelepiped space and the voxels of the FCC
space. The procedure is characterized by a simple discriminator with up to 3 voxels being pro-
cessed in one step and is implemented in integer form without accumulated error. In this way, the

accumulation of rounding errors is eliminated completely.
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ume graphics. The 3D line itself is also used to build block
for voxelizing more complex objects. The second application
of the 3D line voxelization algorithms is for ray traversal in
voxel space. Ray tracing techniques that cast rays (lines)
through a volume of voxels are based on algorithms that gen-
erate the set of voxels visited by the continuous ray.
Alternatives to the cubic grid in 3D have also been con-
sidered. Two honeycomb graphical models in which the vox-
els are hexagonal prisms are introduced. Three-dimensional
grids where the voxels are rhombic dodecahedra and trun-

cated octahedron are called BCC (Body-Centered Cubic) grid
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and FCC (Face-Centered Cubic) grid respectively. The BCC voxel.

grid and FCC grid are the three-dimensional equivalents of
the two-dimensional hexagonal grid. Many recent studies
have focus on BCC grid and FCC grid. Some properties and
advantages of grids based on BCC grid and FCC grid have
been studied.

In 2002, the group proposed a multi-step 6-connectivity
voxel traversing algorithm. which uses only integer opera-
tion. The algorithm is capable of traversing only voxels hav-
ing the form of unit cubes, i. e. , having length, width and
height equal to one. In 2006, the algorithm was extended to
uniformly divided voxel space. The new algorithm is a more
practical and general one traversing voxels having the form of
a block. It uses only integer arithmetic, while the start and

end points of the line segments can have any position in a

This paper gives an efficient line generation algorithm on
the FCC grid. The algorithm is based on the adjunct paralle-
lepiped grid and the 3D cubic Bresenham’s line drawing algo-
rithm. The algorithm can be implemented in integer form. In
this way, it is faster. and the accumulation of rounding er-
rors is eliminated completely.
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