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The ongoing revolution in electronic communications offers exating opportunities to re-
alize geographic ideas in perhaps ummagined electronic realms. It i well-known, throughout
governmental. business, and academuc communities, that the cartographer can make a map
from hundreds of electronic lavers in a Geographic Information Svstem (GIS), in which the
data belund the map work interactively with the map, so that upgraded data produces an
apgraded map. GIS 15 certanly one exatmg result of the mieraction between traditional
science and electronics.

Cordless telephiones offer other prospscts: networks of mobile termunale can be hnked
together m networks across aty streets as well as within office skyscrapers. Chua (1882) notes
that the Hesearch on Advanced Communications for Europe (RACE) imitiative of 1088, to
study techniques to implement a third generation Universal Mobile Telecommunications
Svstem by the year 2000, 15 a significant step toward unifving communications and fixed
networks.

The concept of a mobile telecommunication is straightforward {Chia 1992). Simply
stated, a set of microeell base stations, each of which can transmit and receive elecironic
miormation; 15 spread across a geographic space as a network of stations, each with its own
tnbutary area; a muicrocell, with which 1t commumeates, Typically, one might think of the
microcell base station as the center of a areular tnbutary ares; with dreular areas packed
o cover a larger crcular area. At the center of the larger dreular area, a macrocell base
station serves as an "umbrella” {o relay information to the microcell base stations under it,
and from one network of microeslls to the next (Chia 1992). Within this sort of “mixed
cell architecture” a velicle carrying a termunal onboard passes through the microcells and
receives information on a continual basis from the base station assogated with the microcell
it is currently traversing. This sort of hand-off of information in order to traverse a network
is not new; indeed, the Rohrpost — an underground network of pneumatic tubes used for
message transmission in Berlin in the early 19005 — was composed of energy regions in
which pneumatic carniers were handed off from one region to the next in order to transmit
messages across a farly large geographic area [Arlinghaus 1986), More commonly, a relay
foot race involves the handing off of a baton from one runner to a second, once the first
runner has expended much energy to traverse some specified gecgraphic gpace. There are a2
host of other illustrations of this sort.

There are zpparently numerous engineenng concerns assogated with the optimal posi-
tioning of the base stations: antenna radiation patterns, natural terrain features, interference
from tall bmldings, and mterference and signal attenvation of all sorts, including difficolties
when the mobile unit turns a corner (Chia. 1992). The geometry of directional paths through
Manhzattan space (Krause 1975), based on number of vehicle turne can then also become of
concern (Arlinghaus and Nystuen 1989)

It 15 the geographic 1ssues of street patterns and building position that are fundamen-
tal to the engineering coneerns in implementing these networks in which moving vehicles
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mierchange imformation with a fixed network of bass stations (Chia 1892). Even a bmef
glance at an atlas shows the range of vanation in street pattern — from the predomnantly
rectilinear gnd of Manhattan, 1o the polar-coordinate style of rotary and radial evident in
Washington D.C. Thus, many studies mvolving microcell networks are done, initially, in an
abstract environment {Chia, 1992) — as a benchmark against which to evaluate others in
less than optimal environments, It is within this spirit that a microcell system, composed of
lavers of microcells of varing size, 15 viewed.

Lattices

Viewed broadly, microeell base stations are a set of lattice points, The way in which the
lattice is consiructed can affect all other considerations of the functioning of the consequent
microcell netwark. There are an infimite number of “geneml” environments that one might
use 1n which to construct benchmark networks. When the size of the microcells 1= sufficiently
flarge,” the microcell tnbutary areas might be viewed as curved surfaces which when pieced
together form a set of plates composing & broad continental (for example) suriace. When
the size of the microcells (or macrocells) 15 “local" rather than "large” curvature may not
be an issue and the cells might be treated as plane regions, (What is “local,” and what
i5 not, is & significant problem for pragmatic implementation; at the abstract level it is of
imporiance to note it, but mot necessarily to deal with it directly.] And, if the hne-of-sight
geometry 15 one that excludes parallelism, or that permits more than one parallel, then 1t
may be smitable to view microcell network architecture/geography from the non-Euclidean
vantage point of elliptic or hyperbolic geometry [Arlinghaus 1980,

Within a plane region, there are two basic ways of creating an evenly-spread lattice; one
with the lattice points lying in-a gnd pattern, and the other with the lattice points lyving in a
triangular [ hexagonal grid pattern (Coxeter 1951), The differences between the two should
be clear to anyvone who has plaved the game of checkers on both a square board and on 2
“Chinese” board. What 1s not evident, though, 15 the sorts of patterns that emerge when
one stacks lavers of sguare or hexagonal cells of different sizes in varying orientations. When
& sgquare lattice 15 chosen, one style of space-filling by tnbutary regions emerges; when an
hexagonal lattice is chosen, another appears.

Microcell hex-nets

Walter Christaller (1933, 1966) grappled with the problem of overlays of hexagona!l nets;
he did so 1n the German urban environment, One might question some of the interpretations
of the patterns, but his analysis of the actual patierns of overlays is correcl.. There are
numerous discussions of this problem often under the heading of "central place theory® —
of, how aties might share interstitial space [Chrstaller 1933, 1966: Dacey 1965). When
the focus is on the extent to which space 15 filled by portions of the hexagonal cutlines, as
it might be when signal attenuation and interference of radio waves are an 1ssue; then the
fractal approach which permits the easy measurement of the extent to which an imfimtely
iferated overlay of nets will fill space is useful.

One way to look at the complicated 1ssue of wisualizing overlays of hexagonal nets s
simply to think of a central hexagon surrounded by six hexagons of the same size — each
of these is centered on a microcell base station. The central hexagon iz alse centered on
amacrocell base station which serves the entire set of seven hexagons and has as its own
larger tributary macrocell, a hexagon formed by joining pairs of vertices (separated by two
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mtervemng vertices| of the perimeter of this snowflake region. When these microcells and
macrocells are iterated across the plane, a stack of two layers of hexagonal cells emerges.
with the onentation of one relatve to the other at an angle that insures that each of the
macrocells contains the geometrie equivalent of 7 mucrocells. If ome zooms i or out, to
generate other layers of larger or smaller hexagons, the stack may be increased; as long as
the angle of onentation is fixed by the first two, the value of *7" will be a constant of the
hierarchy —no matter which two adjacent layers of the hierarchy are considered, a largs cell
will contain the eguivalent of 7 smaller cells: In the literature, this is often referred to as the
*H'=T" hierarchy

When one chooses different orientations of the nets, different K values emerge; indeed
there are an mfinite number of possibilities. When 1t is also required that vertices of smaller
hexagons comncde with those of larger hexagons, there are still an infinite number of hierar-
chies with the K values generated by the Diophantine equation z° + a2y +y® = K (Dacey
1965) where = and y are the coordinates of the lattice points arranged in a toangular lattice
(and so relative Lo a coordinate system with the y-axis inclined at 60° to the x-axs).

A structurally identical process may be employved to make similar caleulations for layers
of squares centered on & sguare lattice. Relationships which show the number of small squars
microcells within a larger square macrocell are also copstant betwesn adjacent layers of =
merarchy formed from a single orientation crterion (“J" value),

Fractal geometry may be used to generate any of these hierarchies: hexagonal or square.
All that 1s needed 35 to know the number of sides in a fractal penerator and the seli-similanty
patiern desired (K- or J-value]. From these; one can determine completely and umiguely the
entire merarchy-both cell size within a layer and onentation of layer {Arlinghaus, 1985
Arhnghans and Arlinghaus 1988). The fractal dimension measures the extent to which parts
of the boundary of the hexagons or squares remain under infinite iteration. When the results
of the caloulations are displaved in a table, it appears that hexagonal nets consisiently fill
lesz space (Arlinghaus, 1993).

This Table suggests that individuals actually implementing microcell systems might wish
to first consider shape, size, and onentation of layvers of a mixed cell architecture prior to
superimposing any of the geographic concerns of street networks, or engineering concerns
caused by interference and signal attennation. A mived cell architecture of low fractal di.
mension might be one that reduces interference, to some extent, just by the relative positions
of microcells 1o macrocells.
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Table: Companson of fractal dimensions

Lattice coordinates of
microcell base station
adjaczent to

mucrocell base stalicn

at (0,0)

(1,1)
(1,2)
(0.2)
(0,3)
(0.4]
(0.3)
(0.6)
(0,7}
(0.8)
(0,9)
(0,109

Fractal Dimension

Squares

¥ A1)

L3565
2.0

1. 4635
1.5

1.363
1387
1.318
1.333
1.290
1.301

Hexagons

1.262
1.129
1.585
1.262
1.161
1.208
1.161
1.129
1.153
1.131
1114
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