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Abstract: On the assumption of advisory information concerning an imminent Tokai earthquake being officially 
announced, as a case example we developed a spatial-spot type agent-based simulation model for the Nagoya 
Station area, where several terminal stations are concentrated; in the model, agents played people on their way 
home, and such factors as the routes selected by agents and the spatial restrictions, e.g. passages, were taken into 
consideration. We conducted a large-scale crowd simulation with 160,000 agents. Through the bench making 
test,1) choose the movement pattern of typical agent and confirm the behavior. 2) based on the test result of the 
report, using the simulation in one hour from 14:00 and make performance compared with the remaining number 
of people. 3) from the analyses of the density, each space spot and type have been arranged to analysis. 
 
 
1. Background and purpose of the research  
 At present the Japanese Government has designated the possibility of a Tokai earthquake as the only example of a 
predictable earthquake. In 2004, the Meteorological Agency newly added “advisory information” assuming a predictable case. 
Advisory information will first be officially announced, followed later by a public “warning” and public transportation 
facilities will be suspended, and large retail stores closed; therefore, when such advisory information is announced, the 
municipality of Nagoya expects all people, commuters and the like to return to their homes immediately. Under such 
circumstances, it is reasonable to assume that in the area around a large-scale terminal station, such as Nagoya Station, in 
addition to passengers simply changing trains, there will be large crowd flows crossing each other, due to the massive 
numbers of people all returning home simultaneously; such a situation requires the application of measures to prevent crowd 
accidents.  
 More than 20 cases of crowd accidents have been examined in Japan1). From the examination of these incidents, it has been 
found the concentration of the crowd can trigger an accident. In order to prevent crowd accidents around the terminal station 
when advisory information is officially announced, it is necessary to predict and examine pedestrian flows; however, there 
has been virtual no examples of simulation using actual data.  
 In recent years, the massive increase of computing power has opened up the practicability of pedestrian agent simulation2). 
For example, concerning the Akashi Pedestrian Bridge crowd accident, an after-the-fact analysis using cell-spatial-type 
agent-based simulation has been reported3). In another earlier report concerning Nagoya station, the authors analyzed crowd 
flows with a maximum scale of 6,000 people, employing cell-spatial-type agent-based simulation and a comb-shaped 
corridor model for the transfer passages within the station precincts; they also considered the increase of crowd density when 
advisory information is issued, the process of such an increase and measures to prevent accidents4). 
 However, with a cell-spatial-type model it is difficult to deal with 160,000 pedestrians. When advisory information is 
announced, 160,000 agents will be needed to give an accurate simulation; the model will need to simulate flows of 160,000 
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pedestrians in total crossing each other, under the given conditions of spatial structure and crowd behavior around the 
terminal station, and also to allow examination of the process of density increases, crowd accident risks and preventive 
measures.  
 Therefore, this research employs a spatial-spot type agent-based simulation method, as a kind of network-type agent-based 
simulation, and conducts a large-scale crowd simulation to analyze the congestion of complicated flows around terminal 
stations. Moreover, using a spatial model for the Nagoya Station area where five railway lines converge, the research 
measures density at each space throughout the simulation. The research demonstrates a process in which the spatial 
distribution of crowd density is changing, and examines the density distribution and the tendency of changes according to 
different cases, e.g. flow coefficients or origin-destination data, and the application of measures to prevent accidents. 
 
2. A framework of the simulation 
2.1 Characteristics of the model employed in the research 
 To handle a large-scale crowd simulation, the research introduced 
two characteristics into the model. Firstly, the entire space was 
divided into partial spaces called spatial spots, and was not divided 
into cells, and a link connecting a spatial spot with an adjacent 
spatial spot was established; a model with this structure (spatial-
spot type model) was used. This is a kind of a network-type model 
and has a characteristic where nodes are given spatial attributes. As 
a reported case study employing a model that introduced spatial 
attributes to nodes, the process analysis of infectious disease 
dissemination under typical daily activities in urban areas is well 
known5). 
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 The second characteristic is that this model includes interactions 
between actors; more specifically, a pedestrian selects their own 
walking route and this changes the density and affects other 
pedestrians when they select their own walking route. As a 
simulation that dealt with such agents, a research has been carried 
out that examined evacuation, which is mainly unidirectional 
flow6); however, no research has been reported that examined 
complicated flows such as transfers between terminal stations.  
 In addition, the simulation conducted in the research employed 
SOARS (Spot Oriented Agent Role Simulator) as a platform that 
has strong advantages in spot-agent representation and enables us 
to run large-scale agent simulation. 

Fig. 1 Overall structure of the simulation

 
2.2 An outline of the model and a framework of the simulation 
 The model used for the research consists of pedestrian agents and a spatial model. The spatial model is classified into two 
types of spatial spots (hereinafter, simply referred to as “spot”): internal spot S, inside the station, and external spot O,   
outside the station, and T, the inside of a train. 
 Fig. 1 shows the overall structure of the simulation. Firstly, before starting the simulation, pedestrian agents are given 
attributes to follow when they decide a walking route. In accordance with in-flow and movement conditions, and their 
assessment of a destination, agents walk from a departure point to their final destination by moving within and between spots.  
 Spots correspond to the spatial structure of the terminal stations, and spots that are adjacent to each other are connected by a 
link. Fig. 2 shows the spatial model representing the Nagoya Station area used for the research.  
 A spatial spot records any pedestrian agent that exists within the spot and each of their steps, and based on the data it 
calculates the density of the spatial spot, and the distance moved per step of a pedestrian agent. Spatial spots have spatial 
attribute parameters and pedestrian agents have route selection rules. 
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Fig. 2 Nagoya station area spatial model expressed as spatial spots 
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3. Trial production and performance of the system  
3.1 Details of the model 
 This section describes details of the model from two points of view − for each of the spots and pedestrians − and then, 
explains the computing process by spots and the behavior rules of pedestrians. 
 A spot is defined as follows: 
• Crossover spot: a spot that has three or more links. 
• Passage spot: a spot with spatial attributes has two links. 
• Ticket barrier: a kind of passage spot, but it has only width restriction without any other spatial attributes has two links. 
 
3.1.1 Spatial spots 
 It is assumed that Sm is a basic spot with spatial attributes; Br is a ticket barrier; Tp is a basic spot with spatial attributes a 
train spot − pedestrians flow in or out from the spatial model; and Oq is a spot outside the station − pedestrians flow in or out 
from the spatial model. Spot Sm has length Lm and width Wm; this is approximated by a rectangular space with an area of 
Lm*Wm, by defining the shortest flow line of the actual space as Lm, and the effective area/Lm as Wm. Spot Sm also counts 
the number of pedestrians Nm for each step. At this time, assuming an effective area Am = Lm*Wm, a density is calculated 
using the equation Dm = Nm/Am.  
 Spots Tp and Oq have random variables w1 and w2 (to be described in the next section), and an in-flow upper limit, and give 
destination and in-flow/out-flow conditions to each departing pedestrian agent.  

 
3.1.2 Pedestrian agents 
 Pedestrian agent u∈C has parameters w1, w2

∈[0, 1], which are criteria to select a route. w1 
is a random variable for determining a starting 
point, and w2 is a random variable for 
determining the destination of an agent who 
departs from that starting point. 
 As basic behavior, a pedestrian agent selects 
the shortest route at each node according to 
their starting point and destination, moves 
toward that destination, and flows outside 
when they arrive at their destinations. 
Assessment of the shortest route is described in 
the next section.  
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3.2 Assessment of the shortest distance 
 Concerning the calculation of a distance, 
firstly it is assumed that there is a node in the 
center point of a crossover spot expressed as a 
rectangle. As shown in the example of Fig. 3 
this allows the calculation of the distance 
between nodes in the spatial model given in 
Fig. 2. As a method to search for the shortest 
route, Dijkstra’s method7) (label-setting 
method) is used. The found shortest route is set 
as the basic walking route of an agent. 

Fig. 3 Link expression used for the Nagoya Station area spatial model 

 
3.3 Rules concerning movement of pedestrian agents 
 Based on spatial constraints, this section describes the method to calculate assessment indicators, which affect walking and 
route selection, and the overall process.  
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3.3.1 Rules for movement within a spot 
 When a pedestrian agent enters in spot Sm, the agent reads an Lm value of spot Sm. Movement distance L becomes 0. 
Movement distance for each step ΔL is given by Equation (1). 

ΔL = V · T         --- (1) 
                  Here, T: Time/step (second/step) 
                      ΔL: Movement distance/step (m/step) 
                                                                                 V: Velocity (m/second) 
 
 From among the various factors that affect walking speed, one of the most influential is considered to be density. In the 
research, a straight line model measured by an actual measurement experiment8) for two-way flows, and an estimate equation 
of walking speed in two-way flows are incorporated in the spatial-spot type model. 

V = a · ρ + V0      --- (2) 
                                                                        Here, V: Walking speed (m/second) 
                                                                   ρ: density (people/m²) 
                                                                V0: Standard walking speed 
                                                                  a: Parameter 
 Equation (2) is substituted for Equation (1), and movement distance for each step is found using Equation (3). 

ΔL = (a · ρ + V0) · T   --- (3) 
 This ΔL is added to L, the distance which an agent has already moved within a spot.  
 When L ≥ Lm,  movement within the spot ends. 
 Set values for V0 and a differ according to one-way or two-way flow. In addition, in two-way flow the set values differ 
according to the ratio of pedestrians moving in the opposite direction. (Table 1) 
 

Table 1 Walking speed used for the model8)

Crowd flow The Number of people rate（α） *Flow of people a V0
One-way flow - All -0.28 1.48

1 time All -0.275 1.605
Two-way flow More -0.285 1.675

Less -0.39 1.958

All: The flow of all people. More: The flow of more people. Less: The flow of less people.

2 times
*Flow of people：

 
 
 In the research one-way flow and single and double pedestrian ratios for two-way flow are implemented. The ratio of 
number of pedestrians is rounded off, and less than one is regarded as a one-way flow, and two or more is regarded as a two-
way flow. 
 
3.3.2 Rules for restricting movement between spots 
 A stationary state is caused by pedestrians stopping or reducing walking speed, or by a location with a width narrowing. In 
the research,  it is assumed that pedestrians will not act in such a way as to unreasonably obstruct the flow of the crowd, and 
only stationary states caused by reduction of spot width are taken into account. 
 When spots Sm and Sm’ are adjacent to each other, and their width Wm and Wm’ are compared, the in-flow upper limit for 
the side with the smaller width is applied. In this case, if Wm ≤ Wm’, the in-flow upper limit Q is expressed as below: 

Q = k ×γ× Wm × T   --- (5) 
                                                                    Here, Q: In-flow upper limit 
                                                                  k: Flow coefficient (= 1.0 people/m·sec) 
                                                                                γ: The effective rate of the width 
                                                                 T: Time (sec)/step 
Agents more than Q stay and remain in the same spot. 

 



6                          Qing-Lin CUI Manabu ICHIKAWA Toshiyuki KANEDA & Hiroshi DEGUCHI 

3.3.3 Rules for in-flow/out-flow of pedestrians 
t O outside the station and spot T on each platform. 

per unit of time, 

 every five minutes in accordance with train 

3. Rules for route selection by pedestrian agents 
 determine their next route. However, the condition for being a 

A that always chooses the shortest route. 
 

 on the shortest route is less than β1 people/m², the agent can now take the 

ity of the next spot located on the shortest route is β1 people/m² or more, the agent moves to an alternative 

. Bench marking test in simulation model 
hapter. It makes twice tests different in in-flow case to make sure that the 

.1 Setting of parameter 
n table.2. Then it is supposed that the pedestrian agent who has arrived at T spot (Train spot) 

 as table 3. When it’s explained to take the value of the JR line for instance and 

coefficient 0.5 person /m・sec is equivalent to the time of 

 
Table 2 Parameters used for the test 

Parameter Value

ｔ Step(1/6minute) 360
ｍ The number of S-spots 29
r The number of B-spots 12
ｐ The number of T-spots 5
ｑ The number of O-spots 9
ｇ The nubber of agents 158200
β1 The density standard value 3
β2 The density standard value 6

The effective rate of the width of S-spots 1
The effective rate of the width of B-spots 0.5γ

 In-flow and out-flow of pedestrians is controlled by spo
 An outside-the-station spot calculates and controls a maximum number of pedestrians that flow in or out 
based on the width of the spot for in-flow or out-flow, and a flow coefficient.  
 A train spot on each platform allows a set number of pedestrians to flow in
departures and arrivals, and then allows agents who have arrived on the train platform to flow out. 

 
4 

 When an agent arrives at a crossover spot, they need to
possible route choice is any route that enables the agent to reach their destination, but, if a route will involve a detour more 
than twice the distance of the shortest route, the agent does not consider such a route as a choice. 
 For route selection, two kinds of criteria are provided: the shortest route and density assessment. 

a) Shortest route 
 selection model 
b) Route selection by density assessment 

 When the density of the next spot located
shortest route. 
 When the dens
route spot with a density of less thanβ1 people/m². If there is no alternative spot with a density of less than β1 people/m², the 
agent takes the shortest route. If density is β2 people/m² or more, the agent remains in the present spot. 
 
4
 It's explained about model Bench marking at this c
agents’ behavior and spatial bottleneck are necessary to analyze the stationary state. And the time scale in the simulation is 
10 seconds/step. 
 
4
 The parameter is set shown i
becomes disappeared for bench marking. 
 OD matrix and agent distribution are set
24100 people in use, 31% of them change to Higashiyama line, 5% change to Sakura-dori line, 21% change to Meitetsu line 
and Kintetsu line. Remaining 21% will get off in Nagoya station.  
 The bench marking test is performed twice like table 4. The flow 
rush hour. 

 
 

Illustration
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Table 3 Estimated OD table9) used for the test 

Table 4 Simulation scenario settings 

 

.2 Consideration of a performance 
t behavior density measurement in this section 

.2.1 Agent behavior 
stracted from test 1 and test 2 as an example to explain the performance of model. (Table 5)  The 

as passed T2 (120sec), S13 (90sec), B8 (0sec), S21 (60sec), S17 

Compared with agent No1, agent No2 has the same way but the 

3 
w

estination, but make the different choice depending on the density 

ore people transfer to T2 and it is be crowded in S13.Usually the distance 

 
 

Test number St Route selection
No.1 360 1.0(People/m・sec) The shortest route
No.2 360 1.0(People/m・sec) Density judgment

 
 

O      D T1 T2 T3 T4 T5 n power upper limit  (People/H)
T1 - 21% 21% 31% 5% 21980
T2 29% - 22% 14% 3% 50% 18700 7344
T3 16% 43% - 10% 2% 55% 22000 38473
T4 32% 22% 39% - 1% 6% 4900 29160
T5 36% 25% 30% 4% - 5% 1000 21060
O 29% 11% 43% 14% 3% - 87500 ∞

O Number of people（People) Transportatio
23% 24100

ep flow coefficient(k)

 

 
4
 It's considered about agent's the pattern of agen
 
4
 Six typical agents are ab
result density measurement is stated in figure 4. 
 Agent No1 is the type of movement from T to O, which h
(20sec) and S14 (120sec) and then move to O5. 
 Agent No2 is the type of movement from O to T (Table 6). 
opposite to the movement from T2 to S4. And people flow into the station with the beginning of the same time. The result 
passed by the equal time shows that it’s no influence with the standard of the walking speed with a low level of the density. 
Agent No3 is the type of movement from T to T. From the beginning of the simulation, the agents take 10sec. by train T
ith a standard rate and then change to the train T4 through the shortest distance. When being a low level of density of test1, 

the time will be the same when passing the same place. 
 When No4 and No5 get the same departure and the d
assessment. We can confirm that the different time is needed while the whole level of the density rises in the same space. The 
different arrival time means that it isn’t in the same state, for example, when we pass S3 ,210sec. and 240sec. are used 
respectively because of the change of the density.  
 There is a setting OD matrix in agent No.6 and m
to pass only takes 90 seconds but this time it takes 150 seconds. And it is also confirmed that 50 seconds have been waiting at 
the ticket barrier. 
 
 Table 5 Agent movements of bench marking tests 
 
Agent No. Test No. Start End *)
1 1 Ｔ2 Ｏ5 Ｔ2（120, -）、Ｓ13（90, 1.1）、B8（0,-）、Ｓ21（60, 1.3）、Ｓ17（20, 1.0）、Ｓ14（120, 1.42）、Ｏ5
2 1 Ｏ7 Ｔ2 Ｏ7（0, -）、Ｓ15（160, 1.31）、Ｓ12（80, 1.25）、Ｓ5（210, 1.42）、Ｓ14（120, 1.42）、

 Ｓ17（20, 1.0）、Ｓ21（60, 1.3）、B8（0, -）、Ｓ13（90, 1.1）、Ｔ2
3 1 Ｔ3 Ｔ4 Ｔ3（10, -）、Ｓ29（120, 1.25）、B11（0, -）、Ｓ25（70, 1.42）、Ｓ26（20, 1.0）、Ｓ27（60, 1.3）、

 B12（0, -）、Ｓ28（80, 1.3）、Ｔ4
4 2 Ｔ1 Ｔ4 Ｔ1（2300, -）、Ｓ3（210, 0.9）、Ｓ6（20, 10）、Ｓ9（100, 1.0）、B5（10, -）、Ｓ14（150, 1.1）、

 Ｓ18（90, 1.1）、Ｓ23（200, 1.0）、B10（10, -）、Ｓ29（150, 1.0）、T4
5 2 Ｔ1 Ｔ4 Ｔ1（2100, -）、Ｓ3（240, 0.8）、Ｓ7（20, 1.0）、Ｓ10（90, 1.1）、B6（20, -）、Ｓ15（200, 0.9）、

 Ｓ20（20, 1.0）、Ｓ27（60, 1.3）、Ｓ26（30, -）、Ｓ25（90, 1.1）、B11(10,-),S29(130,1.2),T4
6 2 Ｔ2 Ｔ3 Ｔ2（2470, -）、Ｓ13（150, 0.6）、B9（50, -）、Ｓ29（140, 1.1）、Ｔ3

*: Passed Spot Name, **: Spent time(s) or Waiting time(s) , ***: Average street speed(m/s). As is calculated by As=Lm/St
If St is the waiting time, then As is doesn' exist. (-)

PSN*(St**,As**
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.2.2 The performance evaluation of simulation 
 section compares the result of mathematics model of remaining people analysis and the performance evaluation of the 

mulation model. 
An official report by Nagoya city in 2002 says that there is a result of having arranged data of one hour from 2:00 to 3:00 
’clock shows the number of 87.5 thousands of people gather by a walk around the station and the number of 70.7 thousands 
f people flow in by train. By 3:00 o’clock the number 47.6 thousands of people flow out and 15.8 thousands of people get 

e Nagoya station, the result shows the 94.8 thousands of people would remain in one hour.  

Table. 6 The performance evaluation of simulation 
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remaining people flow-out by train and by a walk in one hour to evaluate the performance of the model. As a result, the train 
out-flow number of people, the walk out-flow number of people and the remain number of people are 33.6 thousands, 3.0 
thousands and 121.5 thousands, compared with the report there are more than 26.7 thousands of people remained in the 

ation. The result of model in the official report is the out-flow maximum considering the carry ability of the train. Having 
considered the complex station, th n exist, the remaining number of 
eople a

.2.3 The analysis of the density measurement graph 
The section shows the analysis about the change feature in each spatial spot with different types to explain. In the space 
tting, if the model has 35,100 m² total area and 158.2 thousands of people in it, the average density is 4.5people/㎡.  

 

ain, so we can consider that the actual densities get much higher.  
Type3: The crossover spot of large area is the typical case. The number of people from different sides of the station outside 

se of comparatively large area. S5, S14 belongs to this type in 

usly 

 

nd the effective of the model through a benchmarking test. The model updating in planned, and 

ework Festival at the 32nd Akashi City Summer Festival pp. 84-114, January 
2002  

strian Flow Agent-Based Simulation, Measurement and Control, Vol. 43, No. 12, pp. 944-

n CUI, Hitoshi TANIGUCHI and Toshiyuki KANEDA, Crowd Simulation of Terminal Station Transfer 
Passage when Tokai Earthquake Advisory Information is Announced Officially. Journal of Social Safety Science. No.10 

panese) 
H. Deguchi, Y. Kanatani, T. Kaneda, Y. Koyama, M. Ichikawa, and H. Tanuma, “Social Simulation Design for 

6)  Ishibashi, I. Tsukagoshi, And H. Kaji: “A Research of the Multi-Agent Simulation Model for Evacuees 

st
e possibility of taking more time to get the destinatio

p re 30 percent more than the report. 
 
4
 

se
Type1: If the area is not large enough for a large number of people, it is much easier to be a bottleneck. It is confirmed that 

there are large changes at S6, S7 and S26 (stairs) shown in the density measurement graph. 
 Type2: People gather together in the platforms, and if the carry ability of the train can not take a large number of people, the 
density will rise continuously. We can confirm that S3 and S13 belong to the same type in the density measurement graph. 
However, S29 concerned in the report is with the same performance. The report makes the two-way consider, there are more 
people in one-side and less in another, so not all the people can flow out. The model doesn’t make the carry ability apart and 
the people who should flow outside still rem

are very large, but the density doesn't show big fluctuate becau
density measurement graph. 
 Type4: It is not large enough and there are ticket barriers and stairs adjacent in this area. The density rises continuo
because the people are intensive enough so that the crowd can't flow easily. S21 belongs to this type in the density 
measurement graph. 
 Type5: The area is not as larger as type3 but has the similar feature (long corridor underground). In the beginning, the 
density rises by arrival of the train but then falls because of decreasing number of people transferred by train. S27 belongs to 
this type in the density measurement graph. 
 
5. Concluding Remarks 
This research assumes the case when the Tokai earthquake advisory information was announced officially, models of people 

behavior, analysis about agent-based simulation with terminal station which has been developed. Confirmation work was 
performed about the reality a
through several simulation analyses, we would like to refer on countermeasures for crowd control for this case in the 
conference. 
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