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In contrast to ordinary vehicles, the mobility of oversized trucks is often limited by their large size. They
thus may have additional requirements on road types, road widths, and the turning radius at the intersection
when traveling. Therefore, this study explores the unique needs and preferences of oversized trucks in route
choices with a focus on trip and road network characteristics. GPS trajectory data that come from the Osaka-
Kobe region having numerous ports and freight stations are used in this research. The relatively concen-
trated origins and destinations give us more opportunities to analyze them with an aggregated perspective.
Using GPS trajectory data of large and extra-large trucks, we group the trajectories by their origins and
destinations at a spatial level of square meshes with 500 m side length. For the trajectories traveling over
the same pair of origin-destination (OD) meshes, several clusters are obtained by a QuickBundles algorithm
based on geographical configuration. Sampling techniques are used to equalize the number of input points
of each vehicle trajectory to the algorithm. The optimal number of clusters is based on the Silhouette Co-
efficient and automatically determined by the algorithm. Finally, a binomial logit model is used to identify
the factors that significantly influence the route choice of oversized trucks and quantify their impacts. The
results indicate the preference of oversized trucks for normal roads without central belts with fewer turns,
fewer intersections, and high average speed. The findings of this study will help to understand the unique
preferences of oversized trucks and may also provide insights on freight road network design and optimi-
zation.
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1. INTRODUCTION Transport and Tourism show that in Japan in 2020, of

the 3,786,998 thousand tons of cargo transported by

The use of oversized trucks for cargo transporta-  automobiles, 1,739,446 thousand tons were trans-

tion is becoming increasingly frequent. Statistics re-  ported by large trucks or extra large trucks with a
leased by the Ministry of Land, Infrastructure,



maximum load capacity of 6.5 tons or more, account-
ing for 45.9% of the total®.

Compared with small vehicles or ordinary trucks,
oversized trucks have some apparent characteristics,
such as larger size, larger weight, larger braking dis-
tance, more blind spots, difficulty in turning, more
noise, and higher fuel consumption and emissions?.
In addition, oversized trucks are more likely to cause
severe traffic congestion and traffic safety problems
on their routes®. Oversized trucks have more concen-
trated trip origins and destinations. Their physical
and operational characteristics differentiate them
from ordinary vehicles in route choice. They may
have additional unique preferences or requirements
for the path to be used, such as road types, road
widths, and the turning radius at the intersection.
Oversized trucks may prefer wider roads rather than
narrower ones, perhaps more inclined to turn at larger
intersections than small ones. They are also more
limited to size and weight restrictions by traffic man-
agement. The special characteristics of oversized
trucks make it necessary and meaningful to conduct
dedicated studies on their route choices.

For the classification of truck types, different agen-
cies have different standards. Oversized trucks men-
tioned in this study include large trucks and extra
large trucks. Large trucks refer to freight vehicles
with 1) gross vehicle weight of 8 tons or more, or 2)
maximum load capacity of 5 tons or more and three
axles or less, or 3) gross vehicle weight of 25 tons or
less and four axles, or 4) semi-trailer tractors with no
attached vehicle and three axles. Extra large trucks
refer to freight vehicles with four axles or more, other
than those classified as large trucks. The above is also
how the expressway management company, East
Nippon Expressway Company Limited, categorizes
large and oversized trucks to determine different ex-
pressway toll rates?.

The remainder of this paper is organized as fol-
lows. The next section provides a literature review of
studies related to oversized truck route choice and
points out the contribution of this research. Section 3
introduces the trajectory and road network data used
in this study and conducts a descriptive analysis. Sec-
tion 4 provides an introduction to the binomial logit
model and discusses its applicability to this study.
Results are given and interpreted in Section 5. Fi-
nally, conclusions and recommendations are given in
the last section.

2. LITERATURE REVIEW

With frequent freight transportation by trucks, the
attendant issues of efficiency, safety, and emission is-
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sues have attracted attention. Among the many re-
search topics on trucks, the route choice problem of
trucks has been widely studied.

There are two reasons for studying truck route
choice's characteristics and influencing factors. The
first is for explanation and prediction. When only the
origin and destination of the trip are known, if one
wants to infer a more accurate trip path, it is neces-
sary to conduct more in-depth research on the route
choice of the truck. Traditionally, route estimation for
oversized trucks is based on the shortest distance or
the shortest required time. However, road factors also
significantly impact the route choices of trucks or
truck drivers®. In addition, trip characteristics can
also affect the route choice, such as travel distance®.
Some studies have also verified the influence of ve-
hicle characteristics on route usage. Container trucks
are more inclined to use large-sized intersections for
turns, while time-sensitive trucks are more inclined
to use highways”). Expected travel time, use of differ-
ent road types (e.g., expressway), and the number of
turns are also essential factors for truck drivers to
consider when choosing their routes®. More reasona-
ble explanations and predictions can be obtained
when these factors are incorporated into the model.

The second and follow-on reason is to provide pol-
icy recommendations, i.e., road network optimization
and truck management methods, on the premise that
the behavior of trucks can be explained and predicted.
Heavy traffic jams and accidents may occur if trucks
frequently use normal roads. Some researchers estab-
lished a discrete choice model for this problem, hop-
ing to promote trucks to choose expressways through
road transformation on bottleneck sections and ex-
pressway fee optimization®). Geometric factors of the
road network, such as road width, the number of
lanes, and the size of intersections, significantly im-
pact truck route choice?. In the case of road height
restrictions, weight restrictions, and intersection turn-
ing restrictions, the route selection of trucks will also
change significantlyV.

Regarding data sources, travel route survey®, truck
trip permit application data’™, and GPS trajectory
from vehicle probe® are the most commonly used
data acquisition methods. GPS trajectories allow the
analyst to know the ve-hicle's precise location in time
and space, including the type of road used after map
matching.

There has been extensive research on trucks' route
choice behavior. However, this research is more con-
cerned about how the vehicle, trip, and road charac-
teristics affect a truck's route choice when faced with
a set of unique routes between an OD (origin and des-
tination) pair. And different from the data sources of
previous studies, we used data from the Kansai re-
gion of Japan.



3. DATA

GPS trajectory data used in this study were ob-
tained from the Osaka-Kobe region. From September
to November 2020, the trajectories of 21,400 trucks
were recorded, of which 82.76% were large trucks
and 17.24% were extra large trucks. A total of
2,289,114 trips were collected, of which 14.08%
were trips by extra large trucks. Table 1 and Table 2
show the number of vehicles and number of trips by
vehicle type and month.

Table 1 Number of vehicles in GPS trajectory data.

Vehicle Type Number Percentage
Large Vehicle 17710 82.76%
Extra-large Vehicle 3690 17.24%
Total 21400 100.00%

Table 2 Number of trips by vehicle type and month.
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The trips are concentrated in the central Kansai ur-
ban area, as shown in Fig.1.
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The trip distance and trip duration are widely dis-
tributed. As can be seen from Fig.2 and Fig.3, the dis-

Extra-1 ST
Month in 2020  Large Vehicle x 38;1?1: Total | tance of most trips is within 200km, and most of the
September 639483 101463 740946 | duration of asingle trip is W|th|n 240 minutes.

b 683173 112338 795511 Based on the start time of trips, Fig.4 and Fig.5 re-
October spectively show the number of trips for all vehicles
November 644116 108541 752657 by date and the number of trips for all vehicles by
Total 1966772 322342 2289114 | hour.
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Fig.2 Trip length distribution.
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Fig.4 Number of trips for all vehicles by date.
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Fig.5 Number of trips for all vehicles by hour (based on the start time of trips).

For the start time of trips, relatively few trips are
generated on weekends and holidays, and week-long
periodically change is formed in the number of trips.
Within a day, there are trips generated each hour, but
the number of trips during the day is relatively large,
and the obvious trip peaks at 8-10 am, and 1-3 pm
can be seen in Fig.5.

Using GPS trajectory data of large and extra large
trucks, we group the trajectories by their origins and
destinations at a spatial level of 500 m mesh. The rel-
atively concentrated origins and destinations give us
more opportunities to analyze them with an aggre-
gated perspective. From Fig.6, the heat map of origin
distribution and Fig.7, the heat map of destination
distribution, it can also be found that the trips are
more concentrated between coastal ports and cargo
warehouses and transshipment terminals.

In order to use a more heterogeneous dataset in the
subsequent analysis of clustering and route choice in-
fluencing factors, we filtered out some ODs using the
following rules, keep 500 m mesh ODs for which:

1. there are at least 50 observations (trips) with

this OD;

2. the maximum trip length is no longer than 30
km, and the minimum trip length is no shorter
than 2 km;

3. at least 5% of trips are generated by extra

large vehicles;

4. there are trips that start at at least six different

hours of the day.

5. there are at least three route kinds of percent-

age of the highway;

The above rules are to ensure that, when studying
the factors influencing route choice, there are enough
trips with varying attributes in the dataset. The trips
used are not too short or too long that the routes are
too similar. Moreover, ensure that there are enough
extra large truck trips, as well as different departure
times and highway usage rates to be input into the
model.
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Fig.6 Trip origin distribution heatmap
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Fig.7 Trip destination distribution heatmap

A total of 96 ODs and 9,889 trips were left as the
dataset for subsequent clustering.

The road network data in the Osaka-Kobe region
was also collected. Each road record includes attrib-
utes such as responsible organisation, road type, road
length, toll or not, number of lanes, road width, and
restriction information. Fig.8 is our road network
map. Using road network data, all GPS trajectories
are matched to road sections.

N
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Table 3 shows roads of different road types and the
times they are used. Although highways account for
only 2.75% of all roads, the number of times they are
used accounted for 55.42% of the total number of
times all roads were used.

4. METHODOLOGY

We use the binomial logit model to explore the im-
pact of various vehicle, trip, and road characteristics
on oversized truck's route choices, i.e., whether to
choose the most used route or an alternative route.
After the ODs of the trips are aggregated to 500 m
meshes, each OD pair contains more than 50 trips.
The trips usually do not overlap perfectly but have
large or small spatial differences between each other.
This also means that if we directly use these trips as
the input of the binomial logit model, the dependent
variable of the model, the option, will have too many
values for us to obtain valid parameter results. There-
fore, trips need to be clustered according to their spa-
tial distance between each other to form several clus-
ters. The route options will be reduced from dozens
or hundreds to a reasonable number through cluster-
ing. Then by identifying whether a cluster is the most
used cluster, the dependent variable becomes a binary
variable, with 1 representing the most used cluster
and 0 representing the other clusters, which are some
special routes.

For clustering, a method is needed to calculate the
distance of any two trajectories. In this study, the spa-
tial distance of two routes with the same number of
nodes is defined as the average value of the pairwise
distances of the corresponding nodes from their start
to the end:

) ) ) 2N Dy,
Fig.8 Road network in Osaka-Kobe region. Dyp = T (D
Table 3 Road types, number of roads and road use.
Number Road Use (times)
Road Type of Road  Percentage Large Extra-large Percentage
- . Total
Vehicle Vehicle
National highway 29441 2.32% 143431007 17531565 160962572 46.98%
Urban highway 5474 0.43% 24150202 4770730 28920932 8.44%
National road 187497 14.79% 74109988 13227215 87337203 25.49%
Main local road (prefecture) 161465 12.73% 29081438 5623183 34704621 10.13%
Main local road (city) 6760 0.53% 3429505 822804 4252309 1.24%
Prefectural road 159474 12.58% 5645199 977185 6622384 1.93%
Designated city road 12378 0.98% 3161068 636694 3797762 1.11%
Others 705427 55.64% 12481183 3519336 16000519 4.67%
Total 1267916 100.00% 295489590 47108712 342598302 100.00%




In Equation 1, D45 is the spatial distance between
route A and route B; N is the number of nodes; Dy, p,
is the pairwise distance of the i-th node of route A
and route B.

Fig.9 and Equation 2 give an example of the spatial
distance between two routes, both with five nodes
(origin node and destination node included).

destination

origin
Route B

Fig.9 Spatial distance between two routes.

Dy = (Dy+ D, + D53 + D, + Ds) @
The GPS trajectories of all trips are uniformly
resampled, so that each each trip has the same num-
ber of nodes, which is 256 in this study. Then using
the above method, we can get the pairwise distances
between all trips.
We tried some common clustering algorithms, in-
cluding k-means and DBSCAN, as well as a method
for neuroimaging clustering. We found that Quick-
Bundles (QB) can obtain better clustering results and
has better efficiency?. The process of the QuickBun-
dles algorithm is as follows:
select the first route r; and place it in the first clus-
ter ¢;. For each remaining route inturni=2, ..., N,
a) calculate the minimum average direct-flip
(MDF) distance, i.e., spatial distance between
route r; and the centroid routes v, of all the
current clusters c,;

b) if any of the MDF values m,, are smaller than
the threshold p, add route i to the cluster e with
the minimum value for m,;

otherwise create a new cluster.

The evaluation of clustering results is based on the
Silhouette coefficient, which is to evaluate the good-
ness of a clustering technique. It can be understood
as an indicator describing the outline clarity of each
category after clustering. The Silhouette coefficient s
of clustering can be calculated using Equation 3.

. b—a
max (a, b)

(3)

Cluster 1 Cluster 2
N=5 N=110
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where a is the mean distance between a trip and all
other trips in the same cluster; b is the mean distance
between a trip and all other trips in the next nearest
cluster. The value of Silhouette coefficient ranges
from -1 to 1. The larger the value, the better the clus-
tering result.

The threshold is a parameter to be selected in
QuickBundles algorithm. If more clusters are needed,
the threshold should be set lower. Otherwise, if fewer
clusters are needed, it should be set higher. By adjust-
ing the threshold, multiple clustering results with dif-
ferent numbers of clusters can be obtained. Then the
Silhouette coefficient is used to select the best results
and the number of clusters. Select the result with the
largest Silhouette coefficient, or the previous one
when the Silhouette coefficient no longer increases
significantly with the number of clusters, as the best
clustering result. Fig.10 and Fig.11 show the varia-
tion of the Silhouette coefficient with the number of
clusters and the clustering results of an OD pair con-
taining 125 trips.

—0.55 A1
—0.60 1

—0.65 1

Silhouette score

—0.70 -1

—0.75 A1
2 3 456 7 8 9101112131415 1617 1819
Number of clusters

Fig.10 Select the best results and the number of clusters based
on the Silhouette Coefficient.

After obtaining the various vehicle, trip, and road
characteristics of all trips and their clusters, discrete
choice models are used to analyze the influencing
factors for route choice. In our initial analysis we em-
ploy a binomial choice model to focus on understand-
ing why the most common route cluster is not chosen
by some trucks. Clearly in further work, this can be
advanced to multinomial choice models to under-
stand in more detail the differences in route choice.

In the binomial logit model, the choice probability

Fig.11 Clustering result of an OD pair.
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Table 4 Binomial logit model result for whether to choose the most used cluster.

Factor Estimate Std. Error t value Pr(>|t])
(Intercept) -0.07596 0.2055 -0.37 0.7116

left turn -0.215 0.02065 -10.414 <2e-16  ***
right turn -0.08739 0.01808 -4.832 1.35e-06 ***
u turn -0.1658 0.06519 -2.544 0.011 *
merging area -0.9442 0.1066 -8.86 <2e-16  ***
diverging area 0.9078 0.1213 7.487 7.06e-14 ***
main-main intersection -0.02218 0.004319 -5.135 2.82e-07 ***
main-side intersection -0.04998 0.005594 -8.935 <2e-16  ***
side-side intersection -0.1541 0.006794 -22.677 <2e-16  ***
average speed 0.1605 0.0205 7.829 4.94e-15  ***
average lane number 1.339 0.1114 12.012 <2e-16  ***
central belt percentage -0.7377 0.2041 -3.615 0.0003 faleie
highway percentage -2.267 0.1871 -12.116 <2e-16  ***

for alternative i for person n is shown in Equations 4
and 5.
Vin

P,(1) = 4

eVin 4+ eVin
Vin = Bo + B1Xin1 + BoXinz + -+ + BxXink
= B'Xin ()
In Equations 4 and 5, V;, is the observed utility
that truck n obtains from alternative i. Each observed
utility V;,, is a function of a vector of independent ob-
servable variables X;,, which include vehicle, trip,
and road characteristics in this research.
Bo» B1, B2, , Bk are the parameters of the bino-

mial logit model. B~ is the vector of these parame-
ters.

5. RESULTS AND DISCUSSION

The following 14 alternative influence factors
were entered into the model, including the number of
left turn, right turn, u turn, merging area, diverging
area, main-main intersection, main-side intersection,
and side-side intersection. trip length, average speed,
average lane number, central belt percentage, high-
way percentage, and vehicle type are also included.

After stepwise screening, factors with multicollin-
earity and those that were not significant were re-
moved.

The result of the binomial logit model is shown in
Table 4, 12 influence factors kept. The results show
that in trip characteristics, the number of left turn,
right turn, u turn, merging area, diverging area, main-
main intersection, main-side intersection, side-side
intersection, and average speed have significant ef-
fects on route choice of oversized trucks. Among
road characteristics, average lane number, average

road width, central belt percentage and highway per-
centage have significant effects. The effect of vehicle
type on route choice was not significant.

Regarding trip characteristics, except for the di-
verging area, other turns or intersections have a neg-
ative effect on the choice of the most used cluster by
the truck. Instead, trucks prefer alternative routes
with fewer turns or intersections. Similarly, trucks
will prefer an alternative route if the average speed of
the alternative route is higher.

Regarding road characteristics, trucks seem to pre-
fer roads with a high number of lanes and few central
belts, as well as a tendency to choose normal roads.

6. CONCLUSIONS

In this study, GPS trajectory data of oversized
trucks in the Osaka-Kobe region were aggregated by
their origins and destinations at a spatial level of
500m x500m meshes. ODs with significant differ-
ences in trip and used road characteristics were se-
lected. The binomial logit model was used to analyze
the factors that influence oversized trucks' choice of
the most used route or an alternative route.

The results show that oversized trucks do not tend
to choose routes with many turns and intersections,
as well as roads with central belts and highways.

The findings of this study will help to understand
the unique preferences of oversized trucks and may
also provide insights on freight road network optimi-
zation and design.

In the current clustering, only spatial distances are
considered, and features about roads are not consid-
ered. For the next step of the research, not only the
spatial distance of the trips but also the trip time,
length, speed and road type will be used in the clus-
tering process to classify the trips within the OD into



different types more accurately.
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