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Summary

Route network datasets, crucial to transport models, have grown complex, leading to
visualization issues and potential misinterpretations. We address this by presenting two
methods for simplifying these datasets: image skeletonization and Voronoi diagram-centreline
identification. We have developed two packages, the ‘parenx’ Python package (available on pip)
and the ‘rnetmatch’ R package (available on GitHub) to implement these methods. The
approach has applications in transportation, demonstrated by their use in the publicly
available Network Planning Tool funded by Transport for Scotland.
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1 Introduction

Datasets representing route networks are important in every stage of modern data-driven transport
planning. Geographically, the same physical network can be represented in many different ways,
ranging from simple ‘centreline’ representations to complex representations with multiple parallel
ways. For some use cases, including strategic network planning, it is important to have a simple
representation of the network.

Vector geometry simplification methods include Douglas-Peucker and Visvalingam-Whyatt algo-
rithms (de Magalhaes et al., 2014). These methods reduce the number of vertices in a line or
polygon features, but do not remove parallel ways. More sophisticated methods to help simplify
complex networks include the automatic detection of ‘face artifacts’ (Fleischmann & Vybornova,
n.d.) and removal of ‘slivers’ to generate simplified representations of ‘street blocks’ (Grippa et al.,
2018). However, these methods tend to be ‘all or nothing’ and do not provide flexibility in terms
of the level of simplification or which features are removed.

We note the simplification and interpolation for with linear (one-dimensional) geometries is less



mature than Polygon or MultiPolygon (two-dimensional) geometry. For example robust imple-
mentation for the areal interpolation of intensive and extensive variables are available in R areal-
weighted-interpolation package(Prener et al., 2019) or in the python PySAL Tobler library (knaap
eli et al., 2023).

The aim of this paper is to present new ways to simplify transport networks, with implementations
in open source software for reproducible research. The code underlying the results presented in this
paper are available from the following repositories:

e The nptscot/networkmerge repository contains the reproducible paper.

e The parenx Python for image skeletonization and Voronoi diagram-centreline identification is
available on PyPI in the GitHub repo anisotropi4/parenx.

e The rnetmatch R package for network simplification is available on GitHub in the repo
nptscot/rnetmatch.

2 Problem definition

Morgan and Lovelace (2020) presented methods for combining multiple overlapping routes into a
single route network with non-overlapping linestrings for visualisation, implemented in the function
overline() in the R package stplanr. The approach has been used to visualise large transport
networks, informing investment decisions in transport planning internationally. However, the ‘over-
line’ approach does not merge parallel ways that are part of the same corridor, resulting in outputs
that are difficult to interpret, as shown in Figure 1 from the Propensity to Cycle Tool for England
(PCT), with segment values representing daily commuter cycling potential flows (Lovelace et al.,
2017). The left panel shows Otley Road with a flow value of 818 (Figure 1a). The right panel, by
contrast, shows three parallel ways parallel to Armley Road with flow values of 515 (shown), 288
and 47 (values not shown) (Figure 1b). Although this section of Armley road has a higher cycling
potential than the section of Otley Road shown (515 + 288 + 47 > 818), this is not clear from the
visualisation.

3 Methods

The key contributions of the paper are the novel methods of image skeletonization(Lee et al., 1994;
van der Walt et al., 2014; Zhang & Suen, 1984), presented in Section 3.1, and simplification with
Voronoi diagrams to identify central lines, covered in Section 3.2.

3.1 Simplification via skeletonization

The skeletonization approach is based on the idea of creating a buffer around the network and then
skeletonizing the buffer. The buffered lines of the network are first transformed into a raster image.
Subsequently, this raster image is processed through a thinning algorithm to produce a skeletal
representation of the original network.

The rasterized skeletal image is then converted back into point geometry, completing the vector-to-
raster-to-vector geometry transformation process, as illustrated in Figure 2.
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Figure 1: Illustration of issues associated with route network-level results containing multiple par-
allel ways on the same corridor: it is not clear from the visualisation that the corridor shown in

the right hand figure has greater flow than the corridor shown in the left. Source: open access
Propensity to Cycle Tool results available at www.pct.bike.
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Figure 2: Simplified versions of the Otley Road (left) and Armley Road (right) networks, trans-
formed back into line geometry.



3.2 Simplification via Voronoi polygons

In this approach, the buffers described in the previous section are converted into sequences of
points. From these sequences, a centre-line is derived based on a set of Voronoi polygons with the
Shapely library(Gillies et al., 2023) that cover these points which represents the central line of the
network. This approach facilitates the creation of a simplified network representation by focusing
on the central alignment of the buffered lines. The clipped Voronoi representation and the resulting
central lines are illustrated in Figure 3 and Figure 4, respectively.

Figure 3: Clipped Voronoi diagrams of the Otley Road (left) and Armley Road (right) networks.
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Figure 4: Simplified versions of the Otley Road (left) and Armley Road (right) networks generated
by the Voronoi approach.

4 Discussion

We have demonstrated two approaches to simplify a transport network, based on ‘skeletonization’
and Voronoi polygons. Both approaches are based on the idea of creating a buffer around the
network and then simplifying the buffer, and both offer flexibility to the user by specifying the
buffer size and other parameters.



The code is open and reproducible, hosted on the nptscot GitHub organisation. The approach
demonstrates the ideal outlined by Stan Openshaw that geocomputation should be used for public
benefit (Openshaw & Abrahart, 2000): the methods were developed not just because they are inter-
esting and not previously tackled in the academic literature implemented in open source software
with reproducible code. They were developed in response to a request by practitioners using early
versions of the Transport Scotland funded Network Planning Tool for Scotland. The potential of
the approach is illustrated with the ‘simplified network’ switch (which maps the values onto the
Ordnance Survey’s simplified Open Roads dataset) in the web application www.npt.scot, as illus-
trated in Figure 5. A next step in terms of transport applications would be to add similar network
simplification toggles to web applications in settings where simplified networks are unavailable.
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Figure 5: The Network Planning Tool for Scotland, showing the network results for central Edin-
burgh without simplification (left) and with simplification (right). Note that the values on Princes
Street (highlighted) are hard to interpret without simplification.

A question raised by the provision of two algorithms is “which is best”. Based on our visual
inspection and discussion, we sense that the Voronoi approach generates higher quality results.
The skeletonization approach is more computationally efficient, but the Voronoi approach yields
more accurate (in terms of true centreline) and less ‘wavy’ results. However, these are subjective
judgements and we would like to test them more rigorously in future work, as outlined below.

We are confident that there will be more research and accompanying open source software to address
this knotty problem. There is much more to do, including;:

o Testing the impact of different parameters to find appropriate settings for different use cases

« Optimisation, noting that premature optimisation has been described as the “root of all evil”!,
but which is important for working with national or global datasets

“Programmers waste enormous amounts of time thinking about, or worrying about, the speed of noncritical


https://github.com/nptscot

o Testing the approach on other datasets, including those with different spatial scales and net-
work types

One area where we would be particularly interested in seeing applications beyond the transport
domain is river network analysis: the size of some riverine networks prohibits/slows down research.
Could a network simplification pre-processing step speed-up and therefore improve results? Our
hypothesis is yes, but that remains to be tested. Each of these areas represents an interesting
geographical and computational challenge. More importantly, solving them has the potential to
improve the quality of transport planning and policy making, demonstrating the value of geocom-
putation for public benefit.
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