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Abstract: This paper proposes a multiagent-based route optimization method as a next-generation transportation sys-
tem to generate a sustainable route network which can transport stranded persons effectively even if the road conditions
are changed in a disaster situation. For this purpose, we apply a multiagent approach into the route optimization method
where an agent corresponds to one route. Such an approach is very useful in a disaster situation because it is easy to
add/delete routes and modify their routes according to the dynamic condition change and constraints. Towards a sus-
tainable route network by multiagent approach, our route optimization method (1) employs the bus stop clustering
method to generate clustered routes, (2) introduces a cluster-extension method to connect routes in different clusters
and (3) adopts the evaluation function in consideration of damage by a change in the condition of roads. Intensive
simulations on Mandl’s urban transport benchmark problem have revealed the following implications: (1) the pro-
posed method has succeeded in reducing stranded persons, detour persons, detour time, all of which are caused by
road condition changes; (2) detour routes have emerged, which contribute to an increasing network sustainability; and
(3) we have succeeded in reducing both the passenger’s transportation time and the number of buses in a non-damaged
situation.
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1. Introduction

When a disaster occurs in the center of a city, it is difficult
for a large number of persons to get home owing to the suspen-
sion of the train service by the destruction of railroads. It is diffi-
culty (almost impossible) for the government to take care of many
stranded persons. There is also have a high risk of suffering a sec-
ond accident [2], [3]. To cope with this situation, we have to con-
struct a transit network which can transport the stranded persons
as soon as possible.

In this situation, the bus transportation system attracts atten-
tion particularly as the solution of this problem. The reasons are
summarized as follows: (1) the bus route can be changed flexibly
according to road conditions (e.g., car accident, traffic jam, road
repair), (2) unlike train transportation, bus transportation is not
affected by other buses’ travel. Especially, in a disaster situation,
it is necessary to develop a next-generation network which can
generate a sustainable route network to transport stranded per-
sons effectively even if road conditions have changed.

For route optimization in the ordinary situation (i.e., the situa-
tion without disaster), a lot of methods have been proposed. For
example, Baaj and Zhao proposed the heuristics-based optimiza-
tion method [1], [10], Fan and Zhao proposed the optimization
method based on simulated annealing [5], [11], and Charkroborty
and Ngamchai proposed the optimization method by genetic al-
gorithm [4], [8]. In comparison with these methods, we apply

1 The University of Electro-Communications, Chofu, Tokyo 182–0021,
Japan

a) H Kitagawa@cas.hc.uec.ac.jp

a multiagent-based route optimization method to generate a sus-
tainable route for the disaster situation. This is because it is easy
to deal with adding/deleting the routes or modifying their routes
according to the dynamic condition change and constraints by
regarding one agent as one route. In this situation, Majima pro-
posed the multiagent-based route optimization method [9], and
succeeded in minimizing the passenger’s transportation time and
the number of buses in comparison with other methods. How-
ever, it cannot take into consideration the damage situation caused
by the destruction of roads. For example, Majima’s method can
optimize the route network in terms of the transportation time
and the number of buses, but it is hard to reduce the number
of stranded persons, and detour persons, and their detour time.
This is because Majima’s method generates long-distance routes
and a lot of overlapping routes, which cannot commit passengers’
transportation and the routes performance (i.e., the transportation
time and the number of buses) will be significantly affected by
a change in road conditions.

To tackle this problem, we propose the novel multiagent-based
bus route optimization method which can (1) not only generate
the effective route by reducing both the passenger’s transporta-
tion time and the number of buses as the ordinary route opti-
mization, (2) but can also generate a sustainable route which can
minimize the influence of a dynamical change of the road condi-
tions, (i.e., the number of stranded persons, and detour persons,
and their detour times are reduced as much as possible). In fact,
the proposed method tries to generate the route network which
consists of short-distance routes with less overlapping, which is
efficient to transport stranded persons in a time of disaster. To
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verify the effectiveness of the proposed method, we compare the
proposed method with the conventional method through Mandl’s
urban transport benchmark problem [7].

This paper is organized as follows. Section 2 introduces the
conventional route network optimization method. Section 3 de-
scribes the proposed method. The experiments are conducted in
Sections 4 and 5. Their results are discussed in Section 6. Finally,
our conclusion is given in Section 7.

2. Route Network Optimization Method
Based on Route Agent

2.1 Overview
The Majima’s agent-route network optimization method [9]

succeeded in minimizing the passenger’s transportation time and
the number of buses (i.e., the bus company’s cost). In this method,
the following two procedures are executed sequentially. Firstly,
the network evolution procedure generates the initial route net-
work. Secondly, the network modification procedure modifies
the initial route network.

2.2 Evaluation of a Route Network
The evaluation value of a route network Z is calculated by

the following equation, where TS i,S j represents the transportation
time of the passenger from the origin station (S i) to the destina-
tion station (S j), DS i,S j represents the demand of the passengers
which occur per unit time from S i to S j, BLk represents the num-
ber of buses in the route Lk, and w1 represents the weighting coef-
ficient. The route network with minimum value of Z is evaluated
as a good route network.

Z =
∑

S i�S j

TS i,S jDS i,S j + w1

∑

Lk

BLk (1)

2.3 Network Evolution Procedure (Initial Route Network
Generation)

The network evolution procedure generates the initial route
network. The initial route network consists of all of the one-
destination route networks, which have been generated indepen-
dently in different one-destination route networks. Note that the
one-destination route network is the network where the passen-
gers at all nodes want to move to one destination.

In detail, such a one-destination route network is generated by
connecting the destination node with the node near by the des-
tination sequentially. The outline of the bus stop connection is
shown in Fig. 1. In this figure, each circle represents a bus stop
and the number indicates each bus stop index (St. i). The dotted
arrow represents the candidate of the connection bus stops. Here,
St. 0 is the destination and the unconnected St. 3 has the three
connection candidates.

In this connection method, the two types of bus stop connec-
tion were proposed. The first one is the route addition type,
while the second one is route absorption type as shown in Fig. 2.
The route addition type (Fig. 2 (A)) is the method of adding the
new route, which connects the connection nodes to the bus stops
which are finally connected. The absorption type (Fig. 2 (B)), on
the other hand, is the method by which a connection node is ab-
sorbed into the existing route (Route 1). Note that the number of

Fig. 1 Outline of node connection.

Fig. 2 Two connection types.

Fig. 3 Patterns of the route evolution.

vehicles in each connection type is assigned minimally to satisfy
the passenger’s required demand. After temporally connecting all
combinations of the connection node with the existing network,
and calculating their evaluation value Z, one of the connection
ways which has the smallest Z is selected. By continuing these
connections, one-destination network is generated. Finally, the
initial route network is generated by integrating all of the one-
destination networks.

2.4 Network Modification Procedure (Route Evolution)
After the network evolution procedure, the network modifica-

tion procedure is executed. In particular, each route in this proce-
dure is regarded as the agent. Concretely, each agent evolves its
own network by taking nodes in other routes (agents) or deleting
nodes from its own route selfishly to satisfy passengers’ demands.
This procedure executes the following two steps.

The first step generates the passenger’s transportation path
which is calculated by using the dijkstra algorithm (i.e., it is as-
sumed that all passengers move by using the shortest path). Here,
the number of passengers of each route is calculated and then the
route which has no passengers is deleted.

The second step modifies the route as shown in Fig. 3. In this
method, two types of modification were proposed. In the first
one, the route (agent) takes the bus stop which does not belong to
itself. (In Fig. 3, the St. 4 is taken between St. 2 and 3.) In the
other one, the route (agent) deletes the bus stop which belongs to
its own route. (In Fig. 3, St.4 is deleted from the route, and the
St.2 and 3 are connected.)

To decide the modification type (i.e., taking or deletion), all
route’s (agent’s) profit P is calculated by the following equation,

PLk = RLk − w2BLk (2)

where Lk represents the route of index k, RLk represents the num-
ber of passengers which use Lk , BLk represents the number of
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buses of Lk, and w2 represents the weighting coefficient. Con-
cretely, all of modification profits P in the target route are cal-
culated according to Eq. (2). Then, the modification type with
maximum P is selected. If all modification type of P is nega-
tive value, the target route is changed to the next route which has
second-maximum P.

The above described two steps are executed repeatedly until
the modifications of all the routes’ P become negative value.

3. Bus Route Optimization Method Based on
Bus Stops Clustering and Evaluation of
Damages

3.1 Overview
The conventional method described in Section 2 tends to gen-

erate the long-distance routes because each agent evolves its own
route selfishly which means that it tries to take many passengers’
demand’ as much as possible. Moreover, it generates the overlap-
ping route network because all of one-destination route networks
are integrated. Such a route network is not suitable in the disaster
because it suffers much damage by the destruction of roads. In
fact, the long-distance routes cannot commit passengers’ trans-
portation and a lot of overlapping routes performance (i.e., the
transportation time and the number of buses) will be significantly
affected by a change of road conditions.

To overcome this problem, i.e., to obtain a sustainable route
which suffer little influence of road destruction in a disaster, this
paper (1) adopts bus stop clustering to prevent generating the
long-distance and much overlapping routes and (2) evaluates the
influence of road destruction by extending the conventional eval-
uation function.

3.2 Route Network Optimization Method Based on the Bus
Stops Clustering

3.2.1 Overview
The proposed route network optimization method based on bus

stops clustering is executed (described in Section 3.2.3). This pur-
pose is to generate short-distance routes. What should be noted
here is that initial clustering is very critical for this method. To
obtain the effective clusters which contribute to generating a sus-

tainable route network, we employ Genetic Algorithm (GA).
3.2.2 Cluster Representation

Among the network clustering methods, several methods have
been proposed so far [6]. Some typical methods cluster the net-
work from the viewpoint of the index of betweenness, modular-
ity, or the number of links. However, it is difficult to apply these
methods to decide effective cluster for the route network opti-
mization which have the OD values (the number of passenger
demands between each station) in addition to the network topol-
ogy. Moreover, even if we applied the network clustering method
which considers OD, these methods have limitations for generat-
ing a robust route network in the case of the destruction of roads.
For the above reasons, we proposed the clustering method which
explores robust clusters by using GA.

For effective clustering, this paper starts by representation of
a cluster. Figure 4 represents an example of the physical network,
while Fig. 5 represents the representation of a cluster. In Fig. 5,

Fig. 4 Physical network (e.g., Road network).

Fig. 5 Cluster representation.

Fig. 6 Outline of the cluster extension method.

Position is the index of each bus stop, and Connection Node is
chosen at random from the bus stop which adjoined Position. By
connecting Position and Connection Node with the link, the bus
stop can be divided into an independent cluster. In Fig. 5, nine
bus stops are divided into three clusters. For example, cluster 1 is
composed of St. 2, 4, and 6.
3.2.3 Cluster-based Route Generation

The proposed cluster-extension method integrates clusters as
shown in Fig. 6. Our cluster-extension method is executed by the
following procedure.
—Step1: Each original cluster as shown in Fig. 6 (a) adds ad-

joining bus stops in the cluster as shown in Fig. 6 (b).
—Step2: The route networks are generated in each cluster by

using the Majima’s bus route optimization method.
—Step3: The route networks generated in every cluster are inte-

grated. In this situation, the route networks generated
in each cluster are partially overlapped as shown in
Fig. 6 (c).

—Step4: The network modification procedure of the conven-
tional method is applied to the integrated route to
evolve routes by taking nodes or by deleting ineffec-
tive nodes.

3.2.4 Cluster Evolution
The whole flow of the route network optimization method

based on GA using the bus stops clustering is shown in Fig. 7.
The individual is represented by Connection Node described in
Section 3.2.2., the route network is generated according to the
cluster generated by the Connection Node described in Section
3.2.3. The generated route network is evaluated by the Eq. (1) in
Section 2.2 or Eq. (3) in the next subsection (Section 3.3). After
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the evaluation, the individual is evolved by using genetic opera-
tion (e.g., parent selection, crossover, mutation and children gen-
eration). To search optimal clustering, this cycle is repeated.

3.3 Evaluation of Destruction of Road Damage
In order to obtain a sustainable route to road destruction, this

paper proposes the extended evaluation function considering the
damage of destruction. In fact, the evaluation criteria of robust-
ness (represented by A) are added into the conventional evaluation
function as shown in Eq. (3). The proposed evaluation function is
shown as follows.

Z =
∑

S i�S j

TS i,S jDS i,S j + w1

∑

Lk

BLk + A

A = w2

∑

Linki

StrandedPassengerNumLinki

+
∑

Linki

DetourTimeLinki (3)

In this equation, the term A is the evaluation criteria of robust-
ness and w2 indicates the weighting coefficient of the number of
stranded passengers’, Linki indicates the broken link as road de-
struction. StrandedPassengerNum indicates the number of per-
sons which cannot arrive at the destination when linki is broken.
DetourTime indicates the detour time of persons who need to de-
tour to arrive at the destination. As the same as the conventional
evaluation function as shown in Eq. (1), the route network with
a small value of Z is evaluated as an effective network. The way
of calculating robustness is as following.
—Step1: Break a link on the route network
—Step2: Delete the routes on the broken link.
—Step3: (1) the number of stranded, (2) detoured passengers

Fig. 7 Outline of route network optimization using GA.

Fig. 8 Routes deletion by destruction of the link.

Fig. 9 Outline of stranded persons and detour persons.

and (3) detour times are calculated in the broken
network.

—Step4: After Step1-3 is repeated to all of the links, the sum
of robustness values in Step3 is calculated.

Figures 8 and 9 show the example of the route deletion by de-
struction of the link. In Fig. 8, the route network has three routes
(i.e., routes a, b, and c). If the link between St. 0 and St. 2 is bro-
ken, the route c is deleted because of the broken link. Moreover,
the passengers moving from St. 0 to St. 1 are added as stranded
passengers as the left side of Fig. 9, and the passengers moving
from St. 0 to St. 2 via St. 3 are added as detoured passengers and
detour time is calculated as the right side of Fig. 9.

4. Experiment 1 (Non-damaged Case)

4.1 Experiment Setup
Before investigating the effectiveness of the proposed method

from the viewpoint of the sustainable route in the disaster situ-
ation, this paper starts by investigating its effectiveness from the
viewpoint of the performance (i.e., the transportation time and the
number of buses) in the non-damaged situation (i.e., the situation
without disaster). For this purpose, this paper conducted a sim-
ulation using Mandl’s urban transport benchmark problem [6] in
the non-damaged situation. Figure 10 shows the physical net-
work of this problem. This problem consists of 15 stations,
21 links and an OD table which represents the number of pas-
senger between each station. Note that bus stop 14 is the crossing
point of roads and there is no demand. In the crossing point, the
bus does not stop and can pass through as many times as the route
agent needs. We compare the result of the proposed method with
the two conventional route network optimization methods, i.e.,
Zhao’s method [11] and Majima’s method [9]. The parameters of
the experiment are shown in Table 1.

As evaluation criteria, all simulation results are evaluated by
(1) the number of vehicles and (2) the total time including the

Fig. 10 Mandl’s urban transportation problem.

Table 1 Parameter setting.
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riding time, waiting time and transportation penalty time. The
transportation penalty is defined as 5 minutes according to pre-
vious literatures [1], [4], [5], [7], [8], [9], [10], [11]. The route
network which has the small value Z as shown in Eq. (1) is eval-
uated as an effective route network.

4.2 Results
4.2.1 Comparison with the Conventional Methods

Table 2 shows the result of three methods. The column indi-
cates these methods, while the row indicates the detailed result.
Regarding the proposed method, the results of the average of 30
runs and the best solution are displayed in the same table. From
this result, when we focus on the number of vehicles and total
time, we found that not only the best one but also the averaged
one are inferior to those of the conventional method. In contrast
with these results, when we focus on the number of stranded pas-
sengers and detour passengers, detour time, and the influenced
buses, we found that not only the best one but also the averaged
one are superior to those of the conventional method. These re-
sults suggest that the route network generated by the proposed
method is sustainable in the situation of road destruction. Fig-
ure 11 shows the result of conventional methods and the best
solution of the proposed method between 30 runs. The hori-
zontal axis of each graph respectively indicates Zhao’s method
(left), Majima’s method (center) and the proposed method (right),

Fig. 11 Comparison to conventional and proposed method.

Table 2 Comparison to conventional and proposed method.

Fig. 12 Result of vehicle num, total time and evaluation value Z.

while the vertical axis respectively indicates the number of vehi-
cles (left) and total time (right). This result shows that the num-
ber of vehicles (#Vehicle) and total time (Total (hr)) of the best
solution of the proposed method is superior to the convensional
methods.

4.3 Comparison with Majima’s Method by Changing w1
Since the proposed method is based on the conventional

Majima’s method, both of the proposed and conventional meth-
ods can investigate the number of buses by changing the parame-
ter w1 of Eq. (1).

Figure 12 shows the results of the proposed and Majima’s
methods. The horizontal axis of each graph indicates w1 value,
while the vertical axis respectively indicates the number of vehi-
cles (left), total time (center) and evaluation value Z calculated by
Eq. (1) (right). All results show the ratio of the proposed method
to the conventional method (i.e., the proposed method result di-
vided by Majima’s method result). The result of the proposed
method is average of 30 runs and the error bars of each result
indicate the standard deviations.

From the results, about the number of vehicles and total time,
the proposed method is superior to the conventional methods in
most w1 cases. What should be important here is that the result
of the proposed method Z is stable and is superior in most of
w1 values. From this experiment, it is revealed that the proposed
method is effective except for the case of w = 0.1.

5. Experiment2 (Damaged Case)

5.1 Experimental Setup
To investigate the effectiveness of the proposed method in the

damaged case as in the disaster situation, we optimized the route
network by using the evaluation function as shown in Eq. (3) and
compared the result of the proposed method with that of Majima’s
method. We employ the same Mandl’s urban transport bench-
mark problem as the previous experiment and the same experi-
mental parameters shown in Table 1 except that those shown in
Table 3 are set.

As evaluation criteria, all results are evaluated by (1) the num-
ber of vehicles, (2) the total time including the riding time, wait-
ing time, and transportation penalty time and (3) the number
of stranded passengers, (4) the number of detoured passengers,
(5) the detour time, (6) the influenced buses which means the
buses which cannot be used when the bus routes are deleted by
destruction of a road. As in the previous experiment, the route
network with a small value Z as shown in Eq. (3) is evaluated as
a good route network.
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5.2 Result
Table 4 shows the results of the two methods in the damaged

situation. The column indicates the methods, while the row indi-
cates the detailed results. Regarding the proposed method, the
results of the average of 30 runs and the typical one are dis-
played in the same table. From this result, the number of buses
and the total time of the proposed method are slightly worse than
Majima’s method. While the other aspect such as the robustness
evaluations (i.e., the number of stranded passengers and detour
passengers, the detour time, the number of the influenced buses)
of the proposed method are better than Majima’s method. In fact,
the proposed method reduces 72% of the number of stranded pas-
sengers, 11% of the number of detoured passengers, 11% of their
detour time, and 30 % of the number of influenced buses, respec-
tively, while only slightly increasing 2% of the number of buses
and 3% of the total time. This result indicates the proposed route
network is able to transport passengers constantly in the disaster
situation.

Table 5 shows the result of the destruction of the multiple roads
cases. We compared the robustness of the route network gener-
ated by Majima’s method and the proposed method. The col-
umn indicates the methods, while the row indicates the detailed
results. Regarding the number of detour passengers and detour
time, the proposed method is inferior to Majima’s method. That
is because, the number of stranded passengers reduced by the pro-
posed method is added as the number of detour passengers. The
increase in detour time is the result of the increase in the number
of detour passengers. What is important point here is, regarding

Table 3 Parameters of the route optimization.

Table 4 Result comparison to Majima’s method.

Table 5 Robustness Comparison of Majima’s method with the proposed
method.

the sum of the number of stranded passengers and detoured pas-
sengers, the result of the proposed method is superior to the result
of the conventional method. This result revealed that the route
network generated by the proposed method has a high robustness
even if the multiple links are broken.

6. Discussion

6.1 Experiment in Non-damaged Case
In discussion, Majima’s and the proposed route network are

compared in detail. Figures 13 and 14 respectively show the
route network optimized by Majima’s method and the proposed
method in thenon-damaged case. In these figure, the arrows indi-
cate the generated routes.

From these figures and the experimental result shown in
Table 2, the proposed method can generate the effective route net-
work as compared with the conventional method. However, the
proposed route network which only applies bus stop clustering
includes a few of the long-distance routes unexpectedly. That is
because short-distance routes are generally deleted. More specif-
ically, in the situation where the route (agent) only considers to
minimize the passenger’s transportation time and the number of
buses, the short-distance routes are easily to deleted because the
passengers have to transfer many times in a route network consist-
ing of short-distance routes. From this relationship, it is necessary
to combine the bus stops clustering with the evaluation function
extended to consider the network robustness, in order to generate
sustainable route networks.

Fig. 13 Routes by Majima’s method.

Fig. 14 Routes by cluster-extension method.
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Fig. 15 Routes by conventional method.

Fig. 16 Routes by cluster-extension method.

From Figs. 13 and 14, as the other issue, Majima’s route net-
work has overlapped on many links, while the proposed route
network has only three overlapped routes on a link between St. 5
and 7. Since the link between St.5 and 7 has the highest passen-
gers’ demand, many routes tend to be generated and overlapped
with each other on that link. From this fact, the proposed method
generates the routes in order to not increase the number of over-
lapped routes.

Regarding the average length of the routes, Majima’s route net-
work consists of 6 routes and their average of length is 10.8 km,
while the proposed route network consists 5 routes and their av-
erage length is 9 km. Even in the shorter average length of the
routes, the proposed route network has covered most of the links
with a few routes. These results suggest that (1) the proposed
method can suppress the number of the overlapped routes but
(2) can cover the links by few routes, which contributes to gener-
ating a sustainable route network.

6.2 Experiment in Damaged Case
Figures 15 and 16 respectively show the route network op-

timized by Majima’s method and the proposed method, in the
damaged case. The arrows indicate the generated route. The
characteristic point of the network by the proposed method is the

emergence of detour routes. In fact, the route passing St. 5 and
14 is emerged. If the road between St. 5 and 7 is broken, route
3 (L3) in the network of the proposed method can transport pas-
sengers, while most of routes are influenced and the passengers

Table 6 Detailed analysis about each route network.

must be transported passing St.10, St.11 and St.3 in the network
of the conventional method. If the road between St. 7 and 14 is
broken as in the route passing St. 5 and 14, the route 2 (L2), 4
(L4) and 6 (L6) can transport passengers effectively in the net-
work of the proposed method, while many routes are influenced
and the passengers cannot be transported effectively in the net-
work of the conventional method. Since the passengers’ demand
concentrates the link between St.5 and 7, the routes which pass
through the link between St.5 and 7 also concentrate in order to
transport the passengers effectively. In spite of such a hard situ-
ation, our proposed method can generate a sustainable route net-
work by generating a detour route in advance, which has a high
robustness to destruction of roads. Such features are very useful
in a disaster.

Finally, we discuss how to increase the route network robust-
ness. Table 6 shows the detailed analysis on both route networks.
The transportation time in the non-damaged area indicates the
sum of the transportation time in the OD pair except for the OD
pair in the damaged area (i.e., without influence of destruction
of roads). Note that the non-damaged case is different from the
non-damaged area in the experiments in this paper. The former
means the situation without any damaged area, while the lat-
ter means the non-damaged area in the damaged area (i.e., the
safe area in the disaster situation). From this table, the proposed
route network contains a few overlapping routes and is com-
posed of short-distance routes. In fact, Fig. 15 shows that the five
routes are overlapped between St.5 and 7, while Fig. 16 shows
that only two routes are overlapped. If the roads where many
routes are overlapped have broken links, many passengers are in-
fluenced. Such results indicate that the cluster-extension method
has great potential for controlling the route’s redundant evolu-
tion and the extended evaluation function (Eq. (3)) contributes to
reducing the route’s overlapping to minimize the damage of the
road destruction.

7. Conclusion

This paper proposed a multiagent-based route optimization
method as a next-generation transportation system to generate
a sustainable route network which can transport stranded per-
sons effectively even if the road conditions are changed in a dis-
aster situation. For this purpose, we applied a multiagent ap-
proach into the route optimization method where an agent cor-
responds to one route. Such an approach is very useful in the
disaster situation because it is easy to add/delete the routes and
modify their routes according to the dynamic condition change
and constraints. Towards a sustainable route network by multia-
gent approach, our route optimization method (1) employed the
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bus stop clustering method to generate clustered routes, (2) in-
troduced the cluster-extension method to connect routes in differ-
ent clusters and (3) adopted the evaluation function in consider-
ation of damage by road condition change. Through the inten-
sive simulations on Mandl’s urban transport benchmark problem,
we have revealed the following implications: (1) the proposed
method succeeded in reducing the number of stranded persons,
detour persons, detour time, all of which are caused by road con-
dition change; (2) detour routes have emerged, which contribute
to increasing network sustainability. In detail, (2-a) the proposed
method generated the short-distance route network by combining
bus stop clustering with the extended evaluation function (i.e.,
the only route which is close to other clusters can be connected
to the route in other clusters in the network modification proce-
dure); and (2-b) the proposed method generated fewer overlap-
ping route networks by the extended evaluation function, because
much overlapping of route networks has a high risk of destruction
to roads. From these results, it is clear that the proposed method
has a great potential for generating sustainable route networks as
the next-generation transportation system which can cope with
the change of road conditions in a disaster. In fact, we succeeded
in reducing 40% of the number of stranded passengers, 10% of
the number of detour passengers 11% of their detour time, and
30% of the number of influenced buses, respectively. Further-
more, our proposed method succeeded in the reduction of both
the passenger’s transportation time and the number of buses in the
non-damaged case. What should be noticed here is that these re-
sults have only been obtained from one case, i.e., Mandl’s urban
transport benchmark problem. Therefore, further careful quali-
fications and justifications, such as an analysis of results using
other transport networks or large-scale networks, are needed to
generalize our results. Such important directions must be pur-
sued in the near future in addition to the following future re-
search: (1) applying our method into actual route networks such
as Tokyo; and (2) tackling a dynamic change of passengers’ de-
mand and roads’ state (e.g., car accident, traffic jam, road repair).
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