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Paper implementation details document

Due to data privacy and national policy issues, the multi-scale road network data and taxi trajectory data used in
the paper cannot be publicly shared. To facilitate the reproduction and application of the method proposed in this study,
the implementation details of are provided below.

(1) Study Area 1: Within the Fifth Ring Road of Beijing, China. The data processing for Study Area 2 (Wuhan)
follows the same workflow. And the model trained in Beijing was directly applied when selecting roads in Wuhan to
verify the generalization ability of the proposed method.

(2) Experimental Data: Road network data at three scales: initial scale 1:10,000, target scale 1 1:5,000, target scale
2: 1:20,000. The initial scale road network data comes from OSM, and the target scale road network data comes from
Tiandi Map (the initial OSM data can be processed based on the online map)

(3) Data Preprocessing:

a) Single line road generation (road centerline extraction): Since the downloaded OSM data is at the road level and
contains road information such as different directions, primary roads and auxiliary roads, and existing road selection
research is mainly based on single-line roads, the complex OSM multi-line roads are first processed into single-line
roads.

b) Road topology check and construction: Check and reconstruct the topology of the generated roads, including
deleting isolated roads, processing road pseudo nodes, etc.

c¢) Target scale road network data processing: The corresponding target scale road network data can be obtained
from Tianditu Map (if any), and then align the target scale roads with the original scale roads to ensure that the target
scale data within the original scale data. If the multi-scale road network data from Tiandidu Map or other national
office geographical information agency are unavailable, manually process the road network with reference to the
corresponding scale from online Tianditu Map (time-consuming but necessary and useful). Alternatively, you can also
use multi-scale road network data in other research areas as long as you have.

d) Repeat steps a)-(c) on the road network data at target scale 1. This aims to achieve road selection from target scale
1 to target scale 2.

(4) Road dual graph construction:

a) The road dual graph organizes the road network data in a graph structure, where road segments are expressed as
nodes on the graph and the connection relationships between roads are expressed as edges on the graph.

b) To construct the road dual graph, you first need to obtain the road segments and their road connection nodes, and
assign them unique ID numbers, and then construct the graph file data with the “.gpickle’ suffix using the provided
code or your own implementation.

¢) Specifically, the road is abstractly expressed as a dual graph (G=(V, E), where V' (graph node) represents the road
segment and £ (graph edge) represents the connection relationship between road segments. In this study, the Data

module provided by torch geometric is used to organize and express the data, where x represents the road segment



and its characteristics, and edge index stores the connection relationship between road segments.
(5) Road Network Feature Calculation

a) Road length: Calculated based on the road geometry.

b) Road grade/level: OSM data includes road grade information, but the classification needs to be converted to
numerical grades. For roads with missing road grade information, the road grade information is supplemented based
on surrounding roads, road names or online maps.

¢) Road density: Calculated based on the road density calculation paper referenced in our article. Other road density
calculation methods can also be used.

d) Road topology information: Calculated based on the constructed road dual graph using the python networkx
package, including:

1. Centrality
ii. Betweenness centrality
iii. Proximity centrality:

e) Regional attractiveness: Extract POIs within a certain buffer zone of the road and calculate the regional
attractiveness value of each road according to the formula provided in the article.

f) Travel path selection probability (at least one week of vehicle trajectory data is required): Match the vehicle
trajectory data to the road using map matching algorithm, then count the traffic flow on the road segment, and calculate
the selection probability of each road according to the formula provided in the article.

(6) Model construction and training:

A simple two-layer graph convolutional neural network is used as the road network selection model. We adopt the
cross entropy loss function (which measures the effect of road selection results in terms of accuracy), the connectivity
loss function proposed in this study (which measures the effect of road selection results in terms of the connectivity of
the road segment) and a regularization term. In each epoch of training, the connectivity loss function (L _connectivity)
is calculated as follows:

a) Given the selected road graph (corresponding to used G in the code) and the road selection beachmark
(corresponding to G in the code)

b) For each node s (road) in used G, if there are roads connecting to both ends of road s, I(s)=0 (corresponding to
code lines 117-118), if there is only one end of road s connected to it (hanging road), then I(s)=1; if there is no road
connecting to both ends of road s (isolated road), then I(s)=2.

c) After evaluating all nodes in used G, construct the connectivity loss of the road selection result (corresponding
to code line 129).

d) In essence, the cross entropy loss function determines whether the road itself is selected and multiplies it with the
true road label to calculate the entropy, while the connectivity loss function in this study determines whether the first-
order neighbors of the selected roads are chosen, and calculates the connectivity loss function according to (b).

e) In the specific implementation process, to enable the connectivity loss function to participate in back propagation,
the value of node s (0, 1, 2) calculated according to step (b) needs to be converted into a differentiable continuous
function, which is similar to the cross entropy loss function of binary classification (the classification result is 0 or 1).
The Sigmoid function is often used to map the output of the model to the range of (0, 1). Therefore, in this study, we
use Sigmoid function to map the output of the model to the range of (0, 1) according to the state (0 or 1) of the adjacent

nodes (first-order neighbors) of road s. And then the connectivity scores of all selected road nodes are superimposed



as the connectivity loss term of the entire graph.
(7) Topological refinement of road selection results

Even with the above method, some roads in the road selection results may still be isolated or suspended. Therefore,
this study proposes to further optimize the topology of the road selection results based on the construction principle of
stroke, that is, directly delete short, isolated roads and very short, suspended roads, fill the gaps between adjacent roads,
etc. This procedure can greatly ensure the connectivity of the road network selection results, and we have provided an

automated processing method. It can also be processed manually in ArcMap or QGIS following this refinement rule.

In summary, the above two strategies can well ensure the topological structure and overall connectivity of the road
selection results while considering the road selection characteristics. Additionally, the topological features of roads
used in existing studies, such as centrality, betweenness centrality and adjacency centrality, also consider the influence

of the first-order neighboring road nodes on the road nodes to a certain extent.

Note: The connectivity loss of the roads in this study cannot be used alone, as it it only calculates the connectivity
of the selected roads. To ensure the selected roads have good connectivity, it needs to be used in combination with
other loss functions that measure the accuracy of road selection (such as the binary cross entropy loss function used in

this study).

Written by Ju Peng Email: daisy pj@csu.edu.cn
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