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1 Introduction and motivation

• Self-organising maps (SOMs) can be used to represent higher dimensional
data in lower dimensions, while attempting to preserve some properties of
the original data, such as clusters.

• In the self-organising map used in this project, (neural) cells are arranged at
certain points along the surface of an icosahedron to approximate equal spac-
ing between cells on the surface of a sphere. After training, cells that recognise
similar inputs are clustered together. Traditionally, this has been done on a 2D
grid of cells, but this poses undesirable effects at the border of the grid. An
icosahedron is used as an approximation for a sphere.

• One may wish to measure the distance between two cells. However, simply
counting the number of cells along the path from one cell to another provides
a meaningless metric, because we are interested in the distance between the
cells in the original number of dimensions. We can draw straight lines between
points, and this gives a good approximation, but the path taken is unnatural.
Splines provide a better approximation, being smooth paths.

2 The approach taken

• The approach taken to achieve a spline-based measure between two points in
a self-organising map is to use mountain-like structures atop a rectilinear grid.
The result resembles an eggcarton.

• Let us begin with one such mountain:

– The mountain sits atop a square base for the time being. Let us call the
four sides north, south, east and west.

– The corners of the square house a cell each, and the length of the edges
along those sides represents the distance between the cells at those cor-
ners. For example, the length of the north edge represents the distance
between the north-west and north-east cells of this square.

– We draw a curve raised above the square’s edges to reflect each side’s
desired length. The desired curve is a spline, but the implementation
provided is one of a parabola.
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– To find the height of a point in the interior of the square, the desired
length of the interior arc is first found by linear interpolation, the arc is
then created, and then the ends are placed such that they sit on top of the
side parabola.

– The idea is that if we were to walk across the top of the mountain, the dis-
tance travelled would be a good approximation of the distance travelled
had we been in the original data’s number of dimensions, regardless of
the direction in which we travelled on the top of the mountain.

• Let us proceed to proceed to multiple mountains arranged in a grid-like fash-
ion:

– If we were to place a number of these mountains side by side, the ap-
pearance would be highly unsatisfactory. The edges between mountains
would be a sharp v-shaped dent, which doesn’t satisfy the smoothness
that we desire.

– Take an edge: if the left side rises, the right side should fall, to create a
natural-looking terrain. This is achieved by flipping every second edge
in the horizontal and vertical directions.

3 Contribution

• This project provides a suggestion as to how to generate terrains if given dis-
tances between points on a rectilinear grid.

• This project demonstrates that this type of terrain can be used to calculate the
distance between cells of a SOM.

4 Limitations of implementation and future work

• No spline implementation: Currently, the implementation uses parabolas of
a given length instead of a piece of spline curve with the desired length. The
reason for this is because with a spline-based implementation, an edge’s equa-
tion depends on the edge before and after it (e.g. with B-splines), and hence,
all edges end up being dependent on each other. I suspect that the correct
length and smoothness will only be able to be calculated by an iterative pro-
cess. Edge dependency is built into to the carton class with torus topology, but
is not tested because of the lack of spline implementation. Edge dependency
is not built into the carton class based on an icosahedron for the reason that no
indexing method was found to efficiently determine neighbours of a cell.

• Poor visualisation: The current dome visualisation is on a 2D grid as in Spher-
ical self-organizing map using efficient indexed geodesic data structure (Wu, Takat-
suka). This is only an intermediate step, and the ideal visualisation would
have been a 3D rendering. This was not possible in the interests of time.
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• Interpolation of points on path: When the user enters/selects two cells to find
the distance between, the implementation uses a naive method to determine
the intermediate points to be sampled. It draws a straight line between the two
points in the above mentioned 2D grid. Future work would include a method
to find the shortest distance between two points on an icosahedron.

• Distortions on a sphere: Because the current implementation assumes that
the end result will be on a flat surface, the measurements will be incorrect once
mapped to a sphere. This is because the implementation assumes the moun-
taintops sit atop flat squares, where on the sphere/icosahedron, the equivalent
mountaintop will sit atop a 3D curved rhombus.
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