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Abstract. The increase of the city population and the number of vehi-
cles brought heavy traffic jam in many cities. To reduce traffic congestion
is one of the important tasks in order to reduce economic loss as well as
the environmental pollution. Several solutions to mitigate the traffic con-
gestion has been proposed so far, but in most cases they try to optimize
whole traffic in the area, and a few treats the route guidance methods
when the traffic jam occurs. Once a traffic jam takes place, we hope to
clear the jam immediately by means of changing paths of some vehi-
cles. Several studies tackle this problem. However, they enforce vehicles
located very close to the traffic jam to change their paths, which results
in large delay due to inefficient detour paths. This not only fails to per-
suade the vehicle drivers to change their paths, but also causes another
traffic jam on the detour paths. In this paper, based on the observation
that some vehicles often have alternative paths to avoid congested road
segments with similar taking time, we propose a new route guidance
method that offers vehicles better alternative paths with which the time
to reach their destinations would be minimized. Through evaluation, we
demonstrated that the proposed method significantly reduces the trav-
eling time of vehicles while clearing the traffic jam within the same time
duration.

Keywords: Vehicular congestion avoidance - Intelligent
transportation system + Dynamic Route Guidance System - SUMO

1 Introduction

In recent years, the increase of the city population and the number of vehicles
causes traffic congestion in large cities, which is one of the serious social problems
[1]. According to a study [3], the annual traffic congestion loss in Japan is about
3.81 billion person-hours, which corresponds to as much as 12 trillion JPY in the
monetary value. Also, the traffic congestion causes environmental problems [2].

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2022
Published by Springer Nature Switzerland AG 2022. All Rights Reserved

T. Hara and H. Yamaguchi (Eds.): MobiQuitous 2021, LNICST 419, pp. 375-389, 2022.
https://doi.org/10.1007/978-3-030-94822-1_20


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-94822-1_20&domain=pdf
https://doi.org/10.1007/978-3-030-94822-1_20

376 Y. Matsui and T. Yoshihiro

For example, serious PM2.5 air pollution occurred in Beijing, China, in which
PM2.5 particles caused by vehicle accounts for about 20% [4]. Reducing traffic
congestions would reduce both the economical and environmental problems, and
is strongly desired in many major cities in the world.

On the other hand, from the driver’s point of view, delay in arrival time
due to traffic congestion is the matter to be considered. If the traveling time of
the vehicle is reduced by alleviating the traffic congestion, their time loss would
be minimized. In minimizing economical loss due to traffic congestion, not only
considering the total optimization, but also considering loss of individuals is
important because people satisfaction would be one of the key evaluation items
in reducing traffic congestion.

Currently, a method called DRGS (Dynamic Route Guidance System) [5]
is attracting attention as a mean for reducing loss from traffic congestion. In
DRGS, we can monitor traffic conditions with RSU (Road Side Unit), which is
communication terminals installed on the side of the road, and when a traffic
congestion occurs, the system adaptively guide a part of vehicles to change their
routes to optimize traffic to reduce congestion.

Several DRGS studies proposed route guidance systems that change the route
of vehicles running close to the congested road to reduce the traffic congestion
[6-8]. However, in most cases, the invoked delay for vehicles in arrival time due
to route guidance is significantly large because the offered routes are changed
largely and are not good for the drivers of vehicles. Besides, in this case, even
when the driver of each vehicle is advised to change the route by the system, they
would not possibly change their route because they do not satisfy the offered
routes. As a result, the DRGS systems may not work well as the system designer
expected, the performance of the systems to reduce traffic congestion would be
disappointed. Our idea for this problem is that, if the location of a vehicle is
relatively far from the congested road, there will be an alternative route with
smaller loss in time, i.e., with higher satisfaction, with higher probability. If we
make route guidance that prioritizes the arrival delay, we would achieve both high
performance in traffic congestion mitigation (i.e., minimizing time to mitigate
congestion), and driver’s satisfaction (i.e., minimizing the arrival time delay).

In this paper, we assume that RSU are installed on all the main roads and
intersections in the target area so that the traffic conditions can be grasped
completely. When a traffic congestion occurs, each RSU detects a congested road
based on vehicle density and speed on the road, and the central server computes
a feasible route guidance plan to eliminate the traffic congestion that cares for
the arrival delay of each detouring vehicle. By controlling the traffic with this
rerouting plan, the arrival delay of each vehicle is significantly reduced and the
traffic congestion is eliminated by appropriately reducing vehicles injecting to
the congested road. As a result of evaluating the proposed method with a well-
known traffic flow simulator SUMO, the proposed method is proved to reduce
traffic congestion with a smaller average arrival delay than existing methods.

The remainder of this paper is organized as follows. In Sect. 2, we describe
the outline of DRGS, its related work, and its problems. In Sect. 3, we describe
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the proposed method. In Sect. 4, we evaluate the proposed method with traffic
flow simulator SUMO. In Sect. 5, we describe the discussion about our method,
and finally in Sect. 6 we conclude our study.

2 Related Work

DRGS is a system that obtains the traffic information on roads and provides
advised routes to vehicles to achieve optimized traffic control. The main objective
of DRGS systems is to reduce traffic congestion so that DRGS systems compute
a traffic arrangement plan and guide a part of vehicles with the offered paths in
order to mitigate traffic congestion in the minimum time delay.

There is a solid body of the literature in optimizing traffic conditions as
vehicular routing problems. However, most of those does not catch up with the
current situation where major vehicle movements can be measured as is done
by companies such as Google [9] or TomTom [10]. Consequently, major vehicle
routing problems treats optimal paths for a single or a small number of vehicles,
or pre-planning of large number of vehicles to optimize the traffic conditions
[11]. These kinds of studies are not practical in the current situation because
they cannot treat dynamic occurrence of traffic congestions in the current trans-
portation systems, nor controlling routes of vehicles to mitigate the congestions.
However, recently, there are some practical studies that aims at local solution,
i.e., they propose to detect traffic congestion and guide a part of vehicles to avoid
it to mitigate the congestion.

Souza et al. [6] proposed a DRGS called CHIMERA (Congestion avoidance
througH a trafflc classification MEchanism and a Re-routing Algorithm), which
improves the overall spatial utilization of a road network and reduces the aver-
age vehicle traveling costs by avoiding vehicles from getting stuck in traffic con-
gestion. It assumes that all vehicles provide their information (i.e., vehicleID,
current position, planned route, and destination) to a central entity via mobile
communication such as 4G and LTE. CHIMERA has two main phases; The first
one is congestion detection and traffic classification, and the second one is route
suggestion. In the first process, traffic congestion is detected from the classifica-
tion results of traffic conditions using k-Nearest Neighbor (kNN) classifier. In the
second process, CHIMERA computes alternative routes for all the target vehi-
cles based on probabilistic k-Shortest Paths. By distributing vehicles to multiple
routes according to the probabilistic distribution, the possibility of generating
new traffic congestion is reduced.

Pan et al. [7] proposed a centralized system to obtain the vehicle speed and
density in real time in order to detect traffic congestions. Once a congestion
is detected, vehicles are rerouted based on rerouting strategies such as DSP
(Dynamic Shortest Path), AR*(A* Shortest Path With Repulsion), RkSP (Ran-
dom k-Shortest Path), EBKSP (Entropy Balanced k-Shortest Paths) and FBkSP
(Flow Balanced k-Shortest Path). Here, DSP is a classical rerouting strategy,
which computes the routes with the smallest travel time. However, there is a
shortcoming that the new rerouting paths would cause a new congestion in
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another spot with high probability. AR* is a rerouting strategy, which takes into
account the results of route guidance by other vehicles. By reflecting the results
of other vehicles’ route guidance when calculating the detour route for vehicles,
it is difficult for vehicles to concentrate on a particular detour route. However,
AR* cannot control traffic on detour routes with high accuracy because it dose
not directly take the traffic capacity of the detour routes into account. RkSP
randomly chooses a path among k-shortest paths to balance traffic. Although
this strategy reduces the possibility of creating congestion in another spot, the
traveling time of each vehicle is not much cared about and so far from opti-
mal. EBKSP is the same as RkSP in that k-shortest paths are computed, but
different in that the best paths in terms of entropy is selected among k paths.
As a result, EBKSP provides more load-balanced traffic distribution than RkSP.
FBKSP computes k-shortest paths and calculates the traffic volume of all road
segments in the area. When providing a route to each vehicle, FBkSP chooses a
path that leads to better balance in traffic volumes among roads. Different from
EBKSP, which chooses paths based on entropy, FBKSP directly considers traffic
load balancing so that more effective path selection is possible.

The above methods [6,7] would be the representative conventional methods
to solve the problems we are targeting on, and have been chosen as comparison
methods in many related papers. However, these do not directly take the arrival
delay of each vehicle into account. Although the strategy that detouring vehicles
located very close to the congested point may reduce the time to resolve the
traffic congestion, it enforces individual vehicles to increase largely the travel-
ing delay, and so reduces their satisfaction. Furthermore, because the vehicles
close to the congested road is detoured, the traffic volume on the around roads
would be easily raised due to detouring traffic, resulting in another congestion
around there. In our strategy, it is possible to care for individual satisfaction of
drivers while mitigating congestion within the same time scale. To the best of
our knowledge, our method is the first route guidance method to mitigates traffic
congestion that explicitly considers the time delay experienced by the detoured
vehicles.

Shen et al. [8] proposed a DRGS system called NRR (Next Road Rerouting)
that considers the feasibility of the system. It focuses on reducing computational
cost and system implementation cost. NRR is assumed to be deployed as a soft-
ware plug-in for SCATS [12], which has already been in use at more than 37,000
intersections in 27 countries. Extending an existing system would considerably
reduce the introduction cost. When NRR detects a congested road, it guides
the vehicles around it. Specifically, instead of calculating the detour paths to
the destinations of vehicles, NRR just calculates the alternative road segment
that each vehicle should follow next regardless of their destinations. After fol-
lowing the guidance, each vehicle travels to the destination based on its own
VNS (Vehicular Navigation System) [13]. Since the functions of NRR in route
guidance is limited, the calculation cost of the entire system can be reduced.
However, this method has the similar problem to [6,7] because the vehicles at
close to the congested road are detoured.
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Our contributions are that proposed method can prevent secondary traffic
congestion on detour routes and that it can plan detours considering the burden
on drivers. The proposed method calculates how much allowable traffic for each
road using the traffic information collected by RSUs. Using this information, it is
possible to calculate the detour traffic volume with a certain degree of accuracy.
In this way, we can systematically prevent secondary congestion on the detour
routes and optimize traffic flow by maximizing the use of the detour routes. In
the route planning, we minimize total travel time of all vehicles in target area
using an original algorithm that prioritizes reducing the load on drivers during
detours, i.e., the delay in destination arrival time due to route guidance. In the
following section, we describe the proposed method in detail.

3 Proposed Method

Due to traffic congestion, the time for each vehicle to reach its destination is
significantly increased. Our purpose is to mitigate traffic congestion while mini-
mizing the arrival delay of all vehicles. In related work, route guidance is applied
to vehicles located close to the congested road. Although the strategy detouring
vehicles close to the congested point may reduce the time to mitigate the traffic
congestion, it tends to increase the total traveling delay of vehicles. Our method
estimates the arrival delay to reach the destination when a vehicle is guided
to bypass a congested road at intersection. Then it guides the vehicle to the
detour path with the smaller arrival delay. As a result, it is possible to mitigate
the traffic congestion while minimizing the arrival delay of each vehicle to its
destination. In our proposal, the traffic information necessary for detour plan is
acquired by RSUs and aggregated in a central server. When the central server
detects traffic congestion based on the aggregated information, it calculates the
rerouting table for alleviating congestion and guides each vehicle along the rout-
ing plan. For example, it is assumed that the traffic jam occurs as shown in
Fig. 1. Suppose that route guidance at point X of the delay in destination arrival
time is 10 min, and route guidance at point Y of the delay in destination arrival
time is 5min. In this case, the total travel time of all vehicles can be reduced
by guiding the route at point Y rather than at point X. Therefore, the pro-
posed method eliminates traffic congestion by preferentially diverting vehicles
that enter point Y.

The details of our method are described as follows. In Sect. 3.1, the notation
used in our method is provided. In Sect. 3.2, we describe the method to construct
the rerouting table. The rerouting table manages detour routes to guide vehicles,
and enables us to judge which detour paths should be activated according to
the magnitude of the occurring traffic congestion. In Sect. 3.3, we explains the
algorithm to control vehicles based on the rerouting table.

3.1 Notation

A directed and weighted graph G = (I, R) represents the road network, where
I is the set of intersections, R is the set of road segments, S C I is the set
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Fig. 1. Overview of Our Method

of sources and D C I is the set of destinations of vehicles. w(-) is a function
that represents the weight of the road segment. Specifically, w(r) is a positive
integer representing the weight for road segment r € R. For a source s € §
and a destination d € D, P, 4) represents the shortest path from s to d under
the weight function w(-). B, q4) represents the detour path from s to d defined
as the shortest path under the weighting function w(-) in the road network
G' = (I, R—P,q)), where P, g also represents the set of road segments included
in P4 qy. Namely, B, 4) is the shortest path from s to d in G that is edge-disjoint
to P(s,q)- For route P, w(P) is the weight of P defined as the sum of the weights
of all road segments included in P, i.e., w(P) = X,.cpw(r). Czisi’{lj)c represents the
difference in weight between the shortest path and the detour path from s to d,
where Cé’fj; = w(Bs,q)) — w(Ps,a))-

V is a set of vehicles existing in the road network. V,2'¢ is the average vehicle
length, and ¢, is the minimum distance between two vehicles. For road segment
r, len, is the segment length and lane, is the number of lanes, and nf is the
number of vehicles on road r at time ¢. The vehicle density of r at time ¢ is
expressed as follows

nt

K!=—". (1)
T
len,
The maximum number of vehicles that can exist on r is n*** = ‘,(“,lge%
len man
lane,. The maximum vehicle density of r is given as
max
n
max __ '‘r
K’r‘ - len . (2)
T

At time t, when the ratio of vehicle density to the maximum vehicle density
t
of road r exceeds a predefined threshold 4, i.e., K > 0, r is regarded as

max
K"

congested road.
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The traffic volume on road r is defined as the number of vehicles passing r
per unit time as follows
F'=vl x Kt (3)

where v} represents the average speed of vehicles on road segment 7 at time ¢.

In this study, the state where no traffic congestion occurs is called the steady-
state. 15! represents the vehicle speed on the road segment r in the steady-state.
The traffic capacity of road segment r is defined as

FEP =yt x SR (4)

Fear — F! is called the allowable traffic volume of r.

Assume that, at time ¢, the shortest path P 4) from intersection s € S to
d € D passes through road segment r, and the congestion is detected at r. If
we consider to guide vehicles that travels from s to d to bypass on B, ), the
allowable traffic volume for B 4y is defined as

t _ : t
A =, Zpin (B0 = 1), ()

Therefore, we can guide the vehicles heading for the intersection d at the inter-
section s to the detour route By, 4) up to the upper limit Afs )

3.2 Reroute Planning

Measuring Traffic Volume in Steady State. The digital road map of the
target area is obtained in advance, i.e., we can obtain not only G = (I, R) but
also the road length len, and the number of lanes lane, on each road r € R.
It is assumed that the traffic condition is always measured by RSUs installed
beside the roads, i.e., RSUs can obtain the average vehicle speed v¢, the number
of vehicles n} and traffic volume F! on each road segment r at any time ¢. It is
also assumed that each vehicle has original route given by its own VNS and the
route is transmitted to the server through RSUs.

The steady state represents the state in which vehicles are traveling stably
without congestion. Assuming that a certain time t is the steady state, the
number of vehicles on each road nl,,, travel speed v7,,, and traffic volume F7,,
at that time can be measured by RSU. In this study, the steady state is used
as the goal state to reduce the traffic volume on the road when it is congested,
and to estimate the allowable additional traffic volume on each road in detour
route. Surely, in reality, the road traffic condition differs depending on the time.
However, under the condition that there is no traffic jam, it is recommended
to obtain each value of the steady state by measuring the road traffic during
the relatively congested of the day and the road traffic state updated at regular
intervals.

Rerouting Table. The rerouting table essentially represents the priority of
intersections to apply route guidance, and is calculated based on the steady-state
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Table 1. Rerouting table

Priority | Source intersection | Destination intersection | Arrival delay | Traffic volume guided | Cumulative
Lisay |S€ES deD Ciif[min] | E(s,)[/min] X(s,a[/min]
1 $1 di 3 26 26

2 S2 da 3 28 54

3 51 da 6 25 79

4 S3 di 8 21 100

5 S1 ds 8 34 134

6 S4 da 9 31 165

7 S3 ds 11 14 179

j1 S7 dia 31 E(s7,d12) X(Swhz)

i s14 ds 33 E(s14,5) X(s14.d5)

traffic volume when traffic congestion on road segment r is detected. As shown
in Table 1, rerouting table consists of priority L 4y, source intersections s € S,
destination intersections d € D, arrival delay C’gi’td])c , traffic volume to guide
E(s.q), and X, 4) where X, 4) is the cumulative value of E(, ). The priority
Ls,q4) is a positive integer sequentially assigned in the ascending order of Céisi;’;’; .
We also write Ly q) as L, where u is a pair of intersections s € S and d € D.
Similarly, we also write the traffic volume to guide as E,(= E(sq)), and the
cumulative value of E, as X, (= X (s,d))- Xu is the sum of E, for all intersection
pairs u’ whose priority is L, or less.

When congestion on road segment r is detected at time t, we reduce the
traffic volume injecting to road r to eliminate the traffic congestion on road r.

The traffic volume required to reduce traffic congestion is expressed as follows
Fere = B . (6)

Where F#*¢ is the traffic volume on road r in steady-state, F! is the traffic
volume on road 7 at time ¢. We consider that the congestion will be resolved by
guiding vehicles passing through the road r to the detour path by SF¢, where
0 is the congestion expansion factor § > 1 introduced to take into consideration
the expansion of congestion in near future.

In order to mitigate the congestion on road r, the pairs of intersections (s, d)
to apply guidance are selected in the ascending order of priority in the rerouting
table. The criteria to select the intersection pairs to apply in the rerouting table
is as follows

aX, > fFe, (7)

where « is the probability of guided vehicles to follow route guidance. If the
cumulative value of traffic that avoid r (i.e., «X,) exceeds the traffic volume
to be reduced (i.e., SF*¢), the congestion on road r will be eliminated before
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long. If the minimum value of the priority that fulfills Eq. (7) is j (remember
that j determines X, ), route guidance with the priority less than or equal to j
is applied to guide vehicles.

For instance, assume that F*¢ = 85, a = 0.7, § = 1.3. If route guidance
is applied up to the sixth line in Tablel (i.e., j = 6), X, = 115.5 vehicles
per unit time will change their paths to avoid the congested road r. Since the
traffic volume that will avoid r exceeds SE*¢ = 110.5, the congestion will be
eliminated by the route guidance with these six intersection pairs.

Constructing Rerouting Table. The rerouting table is constructed by the
following procedure, where U%! is the set of all the intersection pairs in the
target area.

(1) The pair of intersections u = (s,d) € U is extracted in the ascending
order of C%/7.

(2) If r ¢ P,, skip u and proceed to the next pair of intersections.

(3) If there is an intersection pair v’ = (x,d) in the rerouting table where
P, C P,/ skip u and proceed to the next intersection pair.

(4) The allowable traffic volume A,, for the detour path in the steady state is set
to the guiding traffic volume E, (i.e., E, = A,), and add the corresponding
entry to the rerouting table. (L is incremented by one every time an entry
is added.)

(5) We update A, for all &' € U with the values assuming that the traffic vol-
ume F, is bypassed for u. If the detour traffic volumeFE,, is F,, = 0, proceed
to the next pair of intersections without adding the entry for intersection
pair u to the rerouting table.

In steps (1) and (2), all intersection pairs included in U%! are looped in the
increasing order of C4//f,

Step (3) is a process to avoid guiding a single vehicle multiple times. Suppose
two intersection pairs with the same destination u; = (s1,d) and ug = (s2,d).
Then, assume P,, is included in P,, (ie., P,, C P,,). (Here, note that P,, and
P,, are the shortest paths between two intersections, so that they are either
completely edge disjoint, or one is included in the other.) In this case, if C{féf >
C;ﬁf f the vehicle guided with uy at s, is again guided with u; at s;. If planning
the detour at intersection ss, the traffic volume flowing into intersection s; will
change. Then, the detour at intersection s, is contradictory the traffic volume
flowing into intersection s;. Therefore, in this case, route guidance for us is not
applied. As a result, the intersection pair us, which has the same destination
as the intersection pairs u; with the smallest arrival delay (i.e., C;ﬁf F), is not
included in the rerouting table.

In step (4), for each pair of intersections, the traffic volume to guide the
detour path is determined based on the road capacity.

In step (5), since the traffic volume on each road changes as a result of route
guidance, the allowable traffic volume for each intersection pair is updated. To
update the allowable traffic volume in step (5), follow the procedure below.



384 Y. Matsui and T. Yoshihiro

(a) For each road segment 7’ € P,, subtract E, from F3',
(b) For each road segment r’ € B,, add E, to F5'.
(c) Update A% for every intersection pair u € U,

As shown in Step (5), our method does not provide route guidance when
the traffic capacity of the detour route cannot be secured, in order to prevent
congestion on the detour route. For severe congestion that cannot be solved
only at the intersections where the traffic capacity of the detour route can be
secured, the proposed method conducts the route guidance at them and allows
the congestion to resolve naturally.

3.3 Rerouting Algorithm

This section describes the procedure for providing routes to vehicles based on
the rerouting table created in Sect. 3.2. First, if congestion at road segment r is
detected at time ¢, the current excessing traffic volume of road r is calculated,
ie., Fer¢ = [std — Ft Fach vehicle has its own destination d € D, and its own
shortest path. The source intersection s and the destination intersection d are
acquired from every vehicle v. At this time, it is assumed that the RSU can
communicate with the vehicle at each intersection. After finding the intersection
pair u = (s,d) of each vehicle v, if the priority of w is equal to or less than j (
Jj is the minimum value of the priority that fulfills Eq. (7)), the detour path B,
is provided to v for route guidance. The vehicles guided to the detour path are
expected to change the route with probability «, and does not change with the
probability 1 — a.

4 FEvaluation

The purpose of the evaluation is to confirm that the proposed method can reduce
the average travel time of the rerouted vehicles compared to conventional meth-
ods, and alleviate the traffic congestion. As a scenario, we regulate traffic on a
road segment at a certain time ¢ in the steady state to invoke traffic congestion.
After that, using our method, we reduce the number of vehicles heading to the
congested road by applying the route guidance and evaluate the efficiency in
relieving the congestion. The performance of our method is compared with the
case of no route guidance, and with the route guidance methods DSP, RkSP,
EBKSP, FBKSP and AR* used in [7]. We believe these are the most represen-
tative methods in this field of study. The criteria for evaluation are the average
travel time of the vehicles to which route guidance are applied, and the number
of guided vehicles. The details of the evaluation are described as follows. We
show the evaluation method in Sect. 4.1 and the evaluation results in Sect. 4.2.

4.1 Method

We use the well-known traffic flow simulator SUMO (Simulation for Urban
MOhbility) [14] for evaluation. SUMO is a simulator widely used in the field of ITS
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(Intelligent Transportation System). A mobility model that considers collisions
with other vehicles and traffic signals is implemented, and realistic mobility can
be generated. We obtained the road map of Osaka city from OpenStreetMap [15]
for a real road network. From the map, small roads were removed to extract the
main roads in order to avoid small or narrow roads to be used in route guidance.

As a result of the preprocessing, the road network has 66 intersections and
241 road segments connected to the intersections. Traffic signal is installed at
every intersection and the time for one cycle of the signal is set to 120s. Each
vehicle has the departing point and the destination point as the edge of the road
network. Vehicles are generated at regular time interval. The traffic volume is
defined based on a official survey [16]. In [16], the traffic volume per 12 for each
road is described, and the traffic volume in the simulation is determined based
on the values. The total number of vehicles generated within the simulation
time was 21607. In addition, since the traffic volume for each destination is not
described in [16], the traffic volume from the source to the destination is fairly
defined as the following steps.

(1) For each source point s € S, the traffic volume 7y4(d € D) for all destination
intersections and its total sum Yy p7, are calculated.

(2) The traffic volume ratio p(s 4 from each source point s € S to all destina-
tions d € D is calculated from (1). Specifically, ps,q) = ZL%i

(3) The traffic volume to each destination 7, 4) is calculated by using the traffic
volume at the intersection of source point 7Z;(s € S) and the ratio p(, q).-
Specifically, 7(5.q) = Ts X D(s,d)-

In order to calculate the traffic volume in steady-state, we performed a pre-
liminary simulation with SUMO using the above traffic volume. The simulation
time for calculating the steady-state traffic volume was 10800s. After calculat-
ing the traffic volume in the steady state, we set a cause of traffic congestion at
a road segment to evaluate our method. The simulation time was 10800s. The
congested road is chosen from one of the most crowded roads in the steady state.
To invoke congestion, we restricted 1 out of 3 lanes at the road. The time at
which this traffic control was applied was 4200 s past from the beginning time of
the simulation. To control the traffic, we use TraCI (Traffic Control Interface)
[17]. TraCI allows traffic management in cooperation with SUMO in run-time
during simulation. Moreover, it provides access and control simulation objects,
and enables us to change their behavior. The time interval for detecting con-
gestion is 300 s, the threshold ¢ for determining whether a road is congested or
not is 0.7. The ratio of drivers following route guidance was set to a = 0.7, and
the traffic congestion expansion factor was set to 8 = 1.3. We summarize the
simulation settings as shown in Table 2.

4.2 Result

First, we show the results of preliminary results in Fig. 2(a)(b). In this evaluation,
we determine the parameters k and L of the conventional methods to apply in
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Table 2. Simulation setting

Item Description

Simulator SUMO

Target area Osaka city
(only main roads)

Simulation time 10800

The time for one cycle of signal 120s

Maximum speed of vehicle 60km/h

Total number of vehicles 21607

Time interval for detecting congestion | 300s

Time to start traffic regulation 4200s

1) 0.7

« 0.7

3 1.3

the main comparison, where k is the number of paths computed in k-shortest
paths computation, and [ is the maximum distance of vehicles from the congested
road to apply route guidance. The distance between two road segments is defined
as the number of road segments to reach, so distance between the neighboring
roads are 1. Namely, if L = 1, only vehicles on the road neighboring the congested
road are guided for the detour routes in the conventional methods. In Fig. 2(a),
we show the results in which L is varied while k is fixed with 2. For all the
conventional methods, . = 3 marks the best performance. This is because of the
trade-off where small L would provide inefficient detour path whereas large L
would invoke redundant detouring of vehicles. In Fig. 2(b), we show the results
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Fig. 2. Results of preliminary evaluation
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with several values of k under L = 3, which shows that £ = 2 is the best for
conventional methods. Note that DSP and AR* do not appear here because
DSP and AR* do not have parameter k. This is because too many paths enforce
vehicles to use less quality paths. From the results, we set k =2 and L = 3 for
the conventional methods in the main evaluation.
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Fig. 3. Evaluation results

In Fig.3(a) shows the travel time of all vehicles in the main simulation.
Here, noreroute is the case where no route guidance methods are applied. We
see that all guidance methods are far better than noreroute case, meaning that
route guidance methods work effectively to mitigate traffic congestion. Next,
in Fig.3(b), we see the travel time of the rerouted vehicles only. We see that
the average travel time of proposed method has the best performance among
those four. Specifically, since the average travel time of steady-state results is
about 800s, the rerouted vehicle in the proposed method takes about 550s in
addition to the usual travel time in the steady state. In contrast, DSP, EBKSP
and FBkSP takes additional 700-800s, AR* takes additional 650s, and RkSP
takes additional 850 s. Furthermore, the variation of the travel time is the small-
est in the proposed method. In Fig.3(c), we see that the number of rerouted
vehicles are almost the same among those four methods (rather, the proposed
method is slightly smaller than the others). Note that 800 vehicles are about
4% of all vehicles appeared in the simulation. Consequently, we now see that
the total traveling time of all rerouting vehicles are the smallest in the proposed
method. From above, we conclude that the proposed method outperforms the
conventional methods.

5 Discussion

The evaluation results show that the proposed method can reduce the travel
time compared to the other methods. In the literature [7], which proposed a
comparison method, the evaluation was also conducted from the viewpoint of
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computational complexity. However, we did not evaluate the computation time.
The reason is that the assumptions of the proposed method and the comparison
method are different, so the computation time cannot be compared. In addition,
considering the practical aspect, we judged that the computation cost is not an
issue. In [7], it is assumed that the calculation of routes is performed for each
vehicle. On the other hand, in the proposed method, the detour is calculated not
for each vehicle but for each intersection. In other words, the unit of calculation
is different, so simple comparison is not possible. Our method assumes that the
rerouting table is calculated on a central server in the cloud. In this way, When
the computation is performed at the central server, the route calculation for each
intersection pair can be performed in parallel, so it is considered that a sufficient
number of parallel computers should be available for actual operation. For the
map of Osaka City used in the evaluation, we performed route calculations for all
intersection pairs using the Dijkstra algorithm 241 times, corresponding to the
number of road segments connected to the intersection. Then the computation
time was about 3s on a desktop PC equipped with an 8th generation Intel i5.

From the evaluation, we showed that the proposed method can be applied
to solve a single traffic jam. However, the proposed method cannot deal with
multiple congestion occurring at the same time. Therefore, it is necessary to
develop the method to solve multiple congestion problems simultaneously in the
future. On the other hand, we believe that it is also important to deal with a
single traffic jam. For example, our method can be applied to traffic jams caused
by accidents. By expanding the target area, the possibility of accidents occurring
simultaneously in multiple locations increases, but it is not very high. Also, if
the number of vehicles traveling in a particular area increases, the possibility of
multiple congestion occurring at the same time increases. However, if another
traffic jam occurs as a result of vehicles in the surrounding area changing their
routes in response to the first traffic jam, it is thought that solving the original
traffic jam first will result in the gradual resolution of the traffic jams derived
from it. In summary, while it is important to consider ways to solve multiple
congestion problems at the same time, there are situations in which methods
that address a single congestion problem can be effective.

6 Conclusion

In this paper, we proposed a route guidance method that are aware of the arrival
delay to the destinations when vehicles bypass a congested road. Specifically, for
each intersection, we care the difference in travel time between the shortest path
and the detour path. The intersection pair with the smaller difference between
the primary shortest path and the detour path is given the priority in applying
route guidance. This enables us to reduce traffic congestion while suppressing the
arrival delay to the destinations. In this study, we evaluated the efficiency of the
proposed method to alleviate a congestion when it occurred in a part of the target
area. We compared the proposed method with the no-reroute guidance case and
the conventional methods. As a result, it was clarified that the proposed method
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reduces the average travel time of all vehicles that followed route guidance.
Additionally, compared to the conventional methods whose parameters k and
[ should be optimally determined in advance, the proposed method does not
need for this calibration to mark the best performance. From the above, we
showed that our method is useful in the situation where a road is congested
due to a sudden accident, and outperforms the conventional methods. Extensive
evaluation in various scenarios would be one of the important future work.

References

10.
11.

12.

13.

14.

15.

16.

17.

Ministry of Land, Infrastructure, Transport and Tourism HP. https://www.mlit.
go.jp/road/index.html. Accessed 1 June 2021

International Transport Forum: reducing transport greenhouse gas emissions:
trends and data 2010, International Transport Forum (2010)

Schrank, D., Eisele, B., Lomax, T.: 2019 urban mobility report, Texas A&M Trans-
portation Institute (2019)

Wang, J., Hu, M., Xu, C., Christakos, G., Zhao, Y.: Estimation of citywide air
pollution in Beijing. PLoS One 8(1), 53400 (2013)

Sparmann, J.M.: Benefits of dynamic route guidance systems as part of a future
oriented city traffic management system. In: Vehicle Navigation and Information
Systems Conference (1991)

Souza, A.M.D., Yokoyama, R.S., Maia, G., Loureiro, A., Villas, L.: Real-time path
planning to prevent traffic jam through an intelligent transportation system. In:
IEEE Symposium on Computers and Communication, vol. 1, pp. 726-731 (2016)
Pan, J., Popa, LI.S., Zeitouni, K., Borcea, C.: Proactive vehicular traffic re-routing
for lower travel time. IEEE Trans. Veh. Technol. 62(8), 3551-3568 (2013)

Wang, S., Djahel, S., Zhang, Z., McManis, J.: Next Road Rerouting (NRR): a multi-
agent system for mitigating unexpected urban traffic congestion. IEEE Trans.
Intell. Transp. Syst. 17(10), 2888—-2899 (2016)

http://www.google.com/mobile/
http://www.tomtom.com/en_gh/products/mobile-navigation/

Lin, C., Choy, K.L., Ho, G.T.S., Chung, S.H., Lam, H.Y.: Survey of green vehicle
routing problem: past and future trends. Expert Syst. Appl. 41, 1118-1138 (2014)
Sims, A.G., Dobinson, K.W.: The Sydney coordinated adaptive traffic (SCAT)
system philosophy and benefits. IEEE Trans. Veh. Technol. 29(2), 130-137 (1980)
Tsugawa, S., Aoki, M., Hosaka, A., Seki, K.: A survey of present IVHS activities
in Japan. Control Eng. Pract. 5, 1591-1597 (1997)

Behrisch, M., Bieker, L., Erdmann, J., Krajzewicz, D.: SUMO-simulation of urban
mobility an overview. In: International Conference on Advances in System Simu-
lation, pp. 6368 (2011)

OpenStreetMap. https://www.openstreetmap.org/. Accessed 1 June 2021

Survey of national road and street traffic situation (road traffic census) in 2015.
https://www.mlit.go.jp/road/census/h27/. Accessed 1 June 2021

Wegener, A., Piorkowski, M., Raya, M., Hellbruck, H., Fischer, S., Hubaux, J.P.:
TraCl: an interface for coupling road traffic and network simulators. In: Processing
of the 11th Communications and Networking Simulation Symposium, pp. 155-163
(2008)


https://www.mlit.go.jp/road/index.html
https://www.mlit.go.jp/road/index.html
http://www.google.com/mobile/
http://www.tomtom.com/en_gb/products/mobile-navigation/
https://www.openstreetmap.org/
https://www.mlit.go.jp/road/census/h27/

