








To compared with Louvain’s method and its version
for directed graph, we give the corresponding schematic
representations of actual road network in Figure 5. In the
undirected graph, if two intersections are connected directly,
there will be one arc to connect two nodes, and its weight
is set to 1; Otherwise, the weight of arc between two nodes
is 0, and no arc between them in the graph. The result of
Louvain’s method about undirected graph is shown in the
(@) of Figure 6. In the directed graph, according to actual
road for the connection of intersections, like one-way or
two-way road, the nodes of graph are connected by directed
arcs. We design three experiments for the improved method
for directed graph. The difference of these experiments is the
weight of arcs in the graph. Setting the weights of connected
arc to 1, we get the result as shown in the (b) of Figure 6.
As the weights are determined by the number of lanes in
the road, the result as shown in the (c) of Figure 6. And
the result shown in the (d) of Figure 6 gives the outcome
of the situation that weights are determined by the distance
between intersections.

Fig. 6. Result of zoning for undirected and directed graph. (a) undirected
graph with 0-1 weights; (b) directed graph with 0-1 weights; (c) directed
graph with weights based on the number of lanes of road; (d) directed graph
with weights based on distance of road.

We find the common shortcoming in these results is
the split of zone 3 in Figure 4. However, considering the
limitations of the algorithms, the characteristics of graphs
are fully utilized. For example, in the (d) of Figure 6, indeed
the intersections which are closer than others are divided into
the same zone. However, the zone 1 and zone 3 in Figure 4
are both split by the algorithm for directed graph based on
distance.

After that, we use our method to test on the directed
graph with gravity model. The weights of arcs in the graph
are determined by the number of lanes in the road. And
the size of node represents the importance of intersection
in the network. When O" and OP“ is equal, we only
use one circle to represent it. Otherwise, the node will

be represented in two concentric circles. The blue inner
represents OI" , and the red one is OP“t. The minimum and
maximum about the distance of roads in this area are 88m
and 1184m respectively. Hence, the range of actual distance
is set from 0 to 1200m. According to this range, we use three
different sizes of bins for testing, which are 100m, 200m and
300m. The average lane density for different sizes of bins are
shown in the Figure 8. In the (a) of Figure 8, the value is
segmented that the average lane density in each bin has no
effect on each other. In the (b) of Figure 8, the value is
accumulated that the average lane density in each bin is the
average of all previous values. In transportation, evaluation
of the relationship among long-distance intersections should
consider the situation of short-distance intersections. Hence,
accumulated form is chosen as the average lane density for
our experiment.

Fig. 8.  Average lane density for each bin in segmented form (a) and
accumulated form (b).

The results of our method are shown in Figure 7. The
zoning of our method conserve the characteristics of actual
road network. No phenomenon of split in zonel, 3 and 4 in
Figure 4. And large-scale intersections have attraction to the
small-scale intersections, hence, the zone 2 which consist of
many small-scale intersections is ripped by other zones. This
is one reasonable phenomenon.

With the variety about the size of bin, we also can find the
change in network zoning. With the finer granularity of bin,
the zoning is more reasonable in the global view of the map.
In the (a) of Figure 7, the intersection 12, 17 and 21 is out
of the control of zone 3 in the Figure 4. The intersection 12
merges into the zone 2 in the Figure 4, whose small-scale
intersections are integrated better. The closest intersection
of intersection 17 is intersection 16. However, it is dawn
out by the force of intersection 12, 18 and 21 together in
the coarse-grained bin. The force of intersection 20 and 22
to intersection 21 form one balance. Hence, intersection 17
and 21 merge into the zone 1 in the Figure 4 together.

V. DIScUSSION AND CONCLUSION
A. Discussion

1) Granularity of zoning : Using the fast unfolding
method, our method can give the dendrogram [10] of zoning.
In the (a) of Figure 9, we show the dendrogram of our
method with the bin at size of 100m. According to the
actual demand of coordination, designer can adjust the scope
of coordination easily. In the (b) of Figure 9, we give the
evolutionary process of network zoning.
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