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Fig. 1 Event and generator distribution(a) and the ordinary network Voronoi diagram(b)
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A Method for Integrating Network Voronoi and Spatial Clustering
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Abstract: The planar space assumption of spatial cluster detection is invalid in the real world. The network

space has opened a new gate to finer-scale spatial analysis, and provides a perspective for human dynamics.

The urban street network is shaped by social and economic forces over time and also reflects the influences of
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governmental policies and cultural values. In the real world, any phenomenon whose location is represented
through a street address system is inherently constrained by the street network. Hence, both events and their
movements are constrained by the street network in the urban area. For example, the street-side business will
cause more traffic, which lead to both management and commuting costs. Since the spatial point process is in-
herently probabilistic, it” s hard to set a fixed set of criteria, which would otherwise be dealt with as a spatial
optimization problem. The weight of a given street segment will vary across space and over time when the ac-
tivities of street-side business on this focal segment and nearby ones are considered. It is crucial to incorporate
this information into urban management and urban studies, because equally-weighted street segments do not
exist in the real world. The extension of Voronoi diagrams to the network space provides a useful tool in esti-
mating service area in cities. Weighted Voronoi diagrams have been widely adopted to describe the capacity
constraints. This proposed method develops a network Voronoi diagram with weighted links based on spatial
cluster analysis. It borrows the strength from two large and growing literatures: Voronoi diagram and spatial
cluster analysis. The weight is a central component in the construction of weighted Voronoi in urban street net-
work. The weights are generated using local Moran’ s [ statistic. The weights, either additive or multiplicative,
are normalized and transformed into the link length for constructing network Voronoi diagrams. The Monte
Carlo simulation process is adopted to illustrate the statistical significance of detected clusters, and only links
with significant p values are chosen to be weighted. The normalization interval determines how the clustering
level influences the weights. The additive weight reflects the added constraint of the link attribute, while the
multiplicative weight demonstrates the degree of influences imposed on the links. The conceptual foundations
and technical details of this approach are elaborated in the case study of Wuhan City, China. The results show
that the method is effective in incorporating the clustering criteria into the Voronoi construction, and provides
an alternative tool for service area division. The constructed network Voronoi diagrams explicitly take into ac-
count the characteristics of underlying event distribution instead of a fixed set of criteria. This method sheds
new light on micro-level spatial analysis, providing a perspective for observing how socio-economic urban ac-
tivities, represented as network-constrained point distribution, shape the spatial structure and patterns in the
metropolitan area. These constraints are often modelled on the generator points according to a set of predefined
criteria. However, human activities are highly dynamic and constantly evolving. The outcomes of these activi-
ties are often represented as spatial point processes, which are also constrained by the network space. By
means of clustering, the influences of the event points can be modelled as weights posed on the network links.
Such weights can represent the congestions caused or times consumed in handling the events. Accounting
these weighted links in the network Voronoi diagram will effectively capture the probabilistic nature of under-
lying point processes, and therefore more faithfully approximate the partition of street space. In a follow-up
study, sensitivity analysis needs to be carried to test how the results might vary based on the street segment

size to select.
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