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A STUDY ON THE DEVELOPMENT OF PATH FINDING
ALGORITHM FOR PASSENGER FLOW IN RAILWAY
STATION
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ABSTRACT

A computational path finding method has been developed to simulate the flow of passengers at railway
transit stations. The concept of computational method is very similar to particle-laden flow. The basic
procedures are as follows. Like general computational fluid dynamics, the computational domain is di-
vided into meshes and potential values are calculated for each cell by providing boundary conditions for
inlet and outlet. The path line is then calculated according to the potential value. The path line obtained
is the basic moving path, but it is an algorithm that finds a new path by changing the path according to
the situation. Representative situations in which passengers may change routes at railway stations are
as follows. That is, there is a slow pedestrian in the direction that the pedestrian is going to move or en-
counter a pedestrian in the opposite direction. According to a specific rule-based system, we developed
an algorithm to find the path to change, and the main factors such as walking speed, viewing angle,
straightness, walking on the right, etc. were considered. The analysis results show that pedestrians do
not move along the shortest paths but change their paths from time to time. Through the analysis of
passenger flow, it is expected that it can be applied to the optimal structural design of railway stations
and the convenient flow of passenger.
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1 INTRODUCTION

Metropolitan railway stations, terminals, multi-purpose facilities and stadiums are represent-
ative crowded places. The analysis of crowd flow is important not only for the improvement
of user’s path but also for the prevention of safety accidents. There are a number of factors
that affect how people choose to travel route from the origin to the destination. If the path is
known in advance, people will use the shortest path, but if it is a strange one, visibility for
structure and various guide signs will work. In this study, walking speed, the angle of view,
straightness and walking on the right were considered as major factors for path finding. The
walking speed varies according to age or health condition or disability, and the straightness
will change depending on the psychological state, for example, whether it is free, normal or
urgent. The range of path selection depends on the angle of view. In other words, the range of
path search will vary depending on whether pedestrians have a wide view or a narrow view.
In computational analysis, the key is how to express these qualitative parameters discretely
and quantitatively. The aforementioned parameters can be given a specific value to express
various situations quantitatively. If a disaster such as a fire occurs, the degree of chaos will
be severe, so there is almost no right-hand traffic, and the straightness and the viewing angle
can be expressed as being smaller. By giving the straight probability value and the angle of
view small, it was expressed that the chaos parameter, which is a qualitative element, is large.

Many methods have been proposed to study the crowd flow dynamics. Nam proposed
new computational method for passenger flow by using potential path line concept [1,2],
Helbing used the social force model to study the movement of people in the panic state [3-4].
There are also examples using cellular automata model [6-8], lattice gas model [9-12], agent-
based model [13] and forces model [14]. Each of these analysis methods has advantages and
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disadvantages and is appropriately applied according to the calculation model. Details of
the potential path line method are described in references [1,2]. The analysis results show
that pedestrians do not necessarily choose the shortest path and often change the path. In
this study, simulations were performed on the ticket gate models of railway stations, and the
path finding performance was simulated for the representative maze model. As a result of the
comparison between ticket gate models of railway station, the walking time changed greatly
depending on how much the path line overlaps. The path finding of passengers using the
potential path line method is also applicable to the complex maze models.

2 SIMULATION ON TICKET GATE MODELS OF RAILWAY STATION

The ticket gate models of railway station were set as follows. The size of the model is 15 m
in width and length, and the number of ticket gate is 8. The population flow rate at each inlet
is six people per second. It flows for 7 seconds, and about 80 passengers enter each direction.
A total of 160 people will cross. The average walking speed was assumed to be 1 to 1.4 m/s.
The walking speed was randomly assigned to the people entering the entrance, and a person
with a small value is a person with low mobility, and a large value can be treated as a person
with a fast walking speed. Passengers marked with blue triangles enter from the lower two
entrances, pass through the ticket gate and exit the upper left exit.

Passengers marked with red circle enter from the upper two entrances, pass through the
ticket gates and exit the lower right exit. Model (a) allows eight gates to pass in both direc-
tions. That is, first come, first served. Model (b) is a structure in which four gates are installed
in staggered directions, respectively. In model (c), four gates are arranged on the right side
in each direction, and in model (d), the gates are arranged on the left side. In the models (b),
(c) and (d), the gate direction is already determined, but in the model (a), the gate direction is
determined by those who preoccupy the gate. In this study, we simulated how passenger flow
changes with each gate type.
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Figure 1: Ticket gate models.
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Figure 2 : Pedestrian distribution over time for gate model.

Figure 2 shows how pedestrian distribution over time for gate models. After 5 seconds, the
distribution of people in the 4 models is not significantly different. After 10 seconds, the
position of the pedestrians differs for each model. That is, pedestrians are crowded toward
the gate direction of each model. After 20 seconds, pedestrians moved toward each exit for
models (a) and (d), but stagnated near the gate for models (b) and (c). Although the number
of gates in each direction is the same as four, it is considered that a difference occurs because
the path lines of pedestrians are longer or cross each other. In model (a), for blue pedestrians,
pedestrians entering from the lower left entrance form the path passing through the gates in
left side to the upper left exit, and pedestrians entering from the lower right entrance go to the
exit through the gates in the right middle. On the other hand, for red pedestrians, pedestrians
entering from the upper right entrance form the path passing through the gates in right side
to the lower right exit, and pedestrians entering from the upper left entrance go to the exit
through the gates in the left middle. In the figures after 10 and 20 seconds, it is interesting
that the pedestrian group using each gate changes over time. The user types per gate at 10
and 20 seconds are as follows. The user group type at 10 seconds, A Aee A ee and at 20
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seconds, oo A e AedA. In model (b), blue pedestrians are set to use odd-numbered gates
from the left, and red pedestrians are set to use even-numbered gates, so there is no change
in pedestrian groups using gates throughout the simulation time. In model (c), according to
the ‘keep right’ walking rule in Korea, it is set to use the gates in the right direction for each
pedestrian group. Thus, red pedestrians use gates 1-4 from the left and blue pedestrians use
gates 5—8. Because the paths overlap, the two groups of pedestrians experience heavy conges-
tion near the gate.

Although ‘keep right’ is the principle, pedestrians entering the lower left entrance have
longer paths to the exit and, in addition, overlap with the paths of pedestrians entering the
upper right entrance. In model (d), in contrast to the ‘keep right’ rule, blue pedestrians use
gates 1-4 on the left and red pedestrians use gates 5—8. While the opposite of the ‘keep right’
rule, for both groups, the paths are much smoother because the paths are shorter and do not
overlap each other. Therefore, rather than unconditionally complying with the ‘keep right’, it
is much more effective for the smooth flow to install the gate by analysing the usage patterns
of pedestrians at each railway station. The congestion of the pedestrian flow for the 4 models
can be seen by comparing the figures after 20 seconds. For each model, a comparison of six
representative routes for each pedestrian group is shown in Fig. 3. It can be seen that the path
of model (c) is much longer than other models and intersects with each other.

For each model, the travel time taken to walk from the inlet to the outlet is compared in Fig. 4.
For each model, the results of 20 simulations are shown. In the quantitative analysis, for
model (a), the minimum time required for all pedestrians to pass from the entrance to the exit
is 33 seconds and the maximum time is 40.5 seconds, with an average of 35.7 seconds and a
standard deviation of 2.21. For model (b), the minimum time is 40.5 seconds and the maxi-
mum time is 57.5 seconds, with an average of 47.55 seconds and a standard deviation of 5.83.
For model (c), the minimum time is 48 seconds and the maximum time is 58 seconds, with an
average of 53.03 seconds and a standard deviation of 2.92. For model (d), the minimum time
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Figure 3: Comparison of representative paths.
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Figure 4: Travel time from inlet to exit.

is 32.5 seconds and the maximum time is 38 seconds, with an average of 35.03 seconds and
a standard deviation of 1.36. Depending on how the gates are installed, the travel time varies
significantly from case to case. As shown in the model (d), it can be seen that it is effective
to install the gates so that the paths of pedestrians are short and do not overlap between the
paths. If the paths of pedestrians are not known in advance, model (a) may be the second best.
It is interesting to note that the model (c) with gates installed according to the ‘keep right’
rule has the longest travel time. From these results, it is important to predict the paths of
pedestrians when designing a facility or building with crowds. The maximum and minimum
travel time differences of the models (a), (b), (¢) and (d) were 7.5, 17, 10 and 5.5 seconds,
respectively. It can be seen that the gate path is not determined, or the more overlap between
the paths, the greater the deviation.

3 SIMULATION ON MAZE MODELS

Figure 5 shows two maze models. The underground malls of the metropolitan railway sta-
tions are complex and crowded with people, making it look like a maze. Figure 5(a) is 15 m in
width and length, and a maze is set randomly. Red pedestrians enter from the upper entrance
and exit to the lower exit, and blue pedestrians enter from the lower entrance and exit to the
upper exit. Figure 5(b) has a width of 15 m and a maze is set constantly. Red pedestrians
enter from the upper entrance to the central exit, and blue pedestrians enter from the central
entrance to the upper exit. In model (a), pedestrians have to decide which way to go on the
crossroad, but in model (b), they will only find the path in the same direction. For the maze
model, we analysed how the chaos parameter affects travel time.

The chaos parameter is a value between 0 and 1, so chaos parameter 0 means no confusion
at all, and chaos parameter 1 means very confusion. ‘Confused’ is a qualitative meaning that
pedestrians are zigzag or right and left without going straight on the path.
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Figure 6: Snapshots over time.

Model (a) is a structure that is influenced by chaos parameter a lot because there are many
cases of chaos whether to go left or right on the route. On the other hand, model (b) has a
structure that is less affected by chaos parameters because it only needs to turn in one direc-
tion. In the computational analysis, when the chaos parameter is 0.8, 80% of people are sup-
posed to move to the left and right cells without going directly in the cell of main moving
direction. The fact that many people do not go right and left at the fork means that travel time
is shortened. Even in such a small model, as the chaos parameter increases, the travel time
increases by 12.5%. In the event of a disaster, where the life and death split by a few seconds,
the increase in evacuation time is very important. Figure 6 shows snapshots over time in
model (a). Figure 7 shows percentage of normalized travel time for the chaos parameter. The
time when the chaos parameter is 0 is set to a reference value of 100, and the time is increased
as the chaos parameter increases.

Since the actual travel time when the chaos parameter is 0 is 68 seconds, 112.5% when the
chaos parameter is 1 means that the travel time is 76.5 seconds. Figure 8 shows snapshots
over time in model (b). Figure 9 shows percentage of normalized travel time for the chaos
parameter. Comparing Figure 7 with Figure 9, as the chaos parameter increases, the travel
time increases qualitatively. In the case of model (a), the pedestrian has to decide which
direction to go each time on the crossroad, so the travel time tends to be delayed as the chaos
parameter increases. Thus, the travel time is increased by up to 112.5% from the reference
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Figure 7: Travel time vs. chaos parameter for maze model a.
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Figure 8: Snapshots over time.

value. In model (b) without crossroads, pedestrians only find the path in the same direction,
so even if the chaos parameter increases, the probability of confusion is reduced. Thus, the
travel time is increased by up to 106.3% from the reference value. Since the actual travel time
when the chaos parameter is 0 is 92.5 seconds, 106.3% when the chaos parameter is 1 means
that the travel time is 98.3 seconds. Compared to the value of the maze model (a), it is much
smaller. In other words, if the path is simple, the travel time does not increase much even if
the chaos parameter increases. In the event of a disaster such as a fire, the simple structure
of the multi-facility building or subway station means that it is effective in reducing people’s
evacuation time.
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Figure 9: Travel time vs. chaos parameter for maze model b.

4 CONCLUSIONS

Metropolitan railway stations, terminals, multi-purpose facilities and stadiums are represent-
ative crowded places. The analysis of crowd flow is important not only for the improvement
of user’s path but also for the prevention of safety accidents. In this study, a new numerical
analysis method was developed to simulate pedestrian flow and applied to ticket gate models
of railway station and maze models. The analysis results of the ticket gate models are as
follows. Depending on how the ticket gates are installed, the travel time varies significantly
from case to case. It is effective to install the gates so that the paths of pedestrians are short
and do not overlap between the paths. If the paths of pedestrians are not known in advance,
gate model that allows both directions may be the second best. It is interesting to note that
the model with gates installed according to the ‘keep right’ rule has the longest travel time.
From these results, it is important to predict the paths of pedestrians when designing a facility
or building with crowds. For the maze model, we analysed how the chaos parameter affects
travel time. The analysis results of the maze models are as follows. In the model with cross-
roads, the pedestrian has to decide which direction to go each time on the crossroad, so the
travel time tends to be delayed as the chaos parameter increases. In the model without cross-
roads, pedestrians only find the path in the same direction, so even if the chaos parameter
increases, the probability of confusion is reduced. The maximum increase in travel time for
each model is 112.5% and 106.3%. It means that if the path is simple, the travel time does
not increase much even if the chaos parameter increases. In the event of a disaster such as a
fire, people will be in chaos, and short evacuation times, smooth flow without rushing and
simple paths that do not cross each other will ensure their safety. Of course, quick rescue and
firefighting are also important, but these are help from outside. Therefore, it is effective to
design the multi-facility buildings or subway stations as simple as possible by optimizing so
that the paths of users can be distributed without overlapping.
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