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Considering the interlayer height, luggage, the difference between queuing pedestrians, and walking speed, the pedes-
trian choice model of vertical walking facilities is established based on a support vector machine. This model is verified
with the pedestrian flow data of Changchun light-rail transfer station and Beijing Xizhimen transfer station. Adding the
pedestrian choice model of vertical walking facilities into the pedestrian simulation model which is based on cellular au-
tomata, the pedestrian choice behavior is simulated. In the simulation, the effects of the dynamic influence factors are
analyzed. To reduce the conflicts between pedestrians in opposite directions, the layout of vertical walking facilities is
improved. The simulations indicate that the improved layout of vertical walking facilities can improve the efficiency of

pedestrians passing.
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1. Introduction

Escalators and stairways are vertical walking facilities in
transfer stations. As a main pedestrian passage in a hub, it is
also the main bottleneck. According to actual observation and
the existing research,[!! in general, pedestrians prefer to take
the escalator. Due to this, the uses of escalator and stairway are
always out of balance. The number of pedestrians choosing
the escalator is more than that of choosing the stairway. Ana-
lyzing and simulating the pedestrian choice behavior between
escalator and stairway is useful in planning and designing the
facilities. !!]

There are two normal methods in simulating the pedes-
trian choice behavior between escalator and stairway: setting
the choice ratio based on experience and planning the walking
path when pedestrians appear. However, these two methods
could not simulate pedestrian choice behavior well.[?! Gener-
ally, pedestrians make choices according to the walking envi-
ronment when they are right in front of these facilities. That
is to say, pedestrians analyze the walking environment, then
make a decision.!>* The pedestrian choice behavior simula-
tion of vertical walking facilities can be divided into two parts:
the pedestrian choice of vertical walking facilities, and the
pedestrian simulation.

On the research of pedestrian choice of vertical walking
facilities, the logit model based on utility maximization the-
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ory has been widely used.>~") Caol®! analyzed the pedestrian
flow data of Beijing, and built the pedestrian choice model of
vertical walking facilities based on the logit model. Li et al.[%!
considered the scene that pedestrians chose the stairway or es-
calator, and established an extended binary logit model. The
logit model based on utility maximization theory has the de-
fect that the calibration results are influenced by the quantity
of data.!!]

The pedestrian flow is studied by using the modes of ex-

[8-121 Op the research

13,14]

periment, observation, and simulation.
of pedestrian simulation, the cellular automata modell

and social force modell!5-10]

are usually used. The cellular
automata model is easy to implement, and the simulation ef-
fect is good. Cellular automata (CA) is used to build many
pedestrian simulation models in different scenarios, such as
the pedestrian counter flow on a crosswalk,[!”) the crowd dy-

(18

namics during tawaf, '8! the road in front of elementary and

middle school gates when students are going to school,!'?! the

5,129 and so

collision avoidance model for pedestrian dynamic
on. In crowded conditions, many CA-based crowd models
have been established and validated with the real data.[?!-24]
Seyfried et al.>>! and Johansson et al.?! respectively inves-
tigated the fundamental diagram of pedestrian and crowd dy-
namics of pedestrian flow based on suitable video data, and

these characteristics of pedestrian flow could be shown in the
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CA-based simulation model.

In this paper, a support vector machine, which is better in
solving the problems of a small sample, and nonlinear classifi-
cation are used to build a pedestrian choice model. The choice
result is added into the pedestrian simulation model which is
based on cellular automata. The size and pedestrian flow data
of Changchun light-rail transit station are obtained to build the
simulation scenario. On this basis, the simulation of pedestrian
choice behavior is realized and the vertical walking facilities
layout is improved to reduce the pedestrian conflicts.

2. Choice model of vertical walking facilities
2.1. Influence factors

The pedestrian choice behavior between escalator and
stairway is a complex process and can be influenced by indi-
vidual characteristics, pedestrian flow conditions and facilities
conditions.!?’-2 Pedestrian individual characteristics mainly
include gender, age, luggage, walking speed, etc. Pedestrian
flow conditions mainly include the difference between queu-

ing pedestrians, the degree of crowdedness, etc. Facilities con-
ditions mainly include the interlayer height, the width of stair-
way, the width of escalator, the speed of escalator, etc. Differ-
ent pedestrians have different decision-making psychologies,
for example, the pedestrian who carries a large amount of lug-
gage tends to choose the escalator, the older pedestrian tends
to choose the escalator, and the pedestrian in a hurry tends to
choose the stairway.

Because the factors that have an influence on the pedes-
trian choice behavior between escalator and stairway are
multiple and there may be collinearity and interdependence
among these factors, it is necessary to select the key influence
factors. %!

Based on the relevant research,!!=71 the pedestrian flow
data of the transfer passage are gathered. Four main factors
which include the interlayer height, luggage, the difference be-
tween queuing pedestrians, and walking speed, are selected by
the method of Regression Analysis Stepwise (RAS) and are
added into the choice model as characteristic variables. The
model variables are listed in Table 1.

Table 1. Introduction of model variables.

Type Characteristic variable Characteristic value
Interlayer height The actual value
1: without luggage or a little amount
Luggage 2: a moderate amount of luggage

3: alarge amount of luggage

Independent variable | The difference between queuing pedestrians

The difference in the number between queuing pedestrians in front of
escalator and stairway

Walking speed

1: low speed: v < 1.3 m/s
2: moderate speed: 1.3 m/s <v < 1.7 m/s
3: high speed: v > 1.7 m/s

Dependent variable Vertical walking facilities

—1: escalator 1: Stairway

2.2. Establishment of choice model

As the relationship among influencing factors of pedes-
trian choice behavior is nonlinear, so the problem of pedes-
trian choice of vertical walking facilities in a transfer station
is regarded as a nonlinear classification problem. The support
vector machine has the ability to solve the problems of a small
sample and nonlinear classification.*%-32! So, the support vec-
tor machine is used to build the pedestrian choice model.

According to the analysis results of influence factors for
pedestrian choice behavior, interlayer height, luggage, the dif-
ference between queuing pedestrians, and walking speed are
the key influence factors. The pedestrian characteristic vector
is described as follows:

T
Xi = [xi1, Xi2, Xi3, Xi4] . (D)

where x; is the pedestrian characteristic vector, x; 1 is the char-
acteristic value of interlayer height, x;» is the characteristic

value of luggage, x; 3 is the difference between queuing pedes-
trians, and x; 4 is the characteristic value of the walking speed.
The pedestrian sample set can be described as follows:

A:{(xlvyl)v'”:(xiayi)v'”a(xnayn)}v (2)

where n is the number of pedestrian samples and y; is the
choice result.

The problem of pedestrian choice of vertical walking fa-
cilities in a transfer station is regarded as a nonlinear classi-
fication problem, and pedestrian samples cannot be separated
linearly. So, it needs to map the samples into the high dimen-
sional feature space through the mapping function ¢(x), and
the nonlinear classification problem can be transformed into a
linear separable problem.

In the support vector machine, as for the linear binary
classification problem, the purpose of model optimization is
to find a hyperplane to separate two kinds of samples. The
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hyperplane is described as follows:
0f (x) +b =0, (3)

where @ is the normal vector of the hyperplane, ® € R™; b is
the constant, b € R.

According to the structural risk minimization principle,
the minimum risk is achieved when the classification inter-
val becomes largest during the separation. And according to
the relevant research, the problem of searching for the optimal
hyperplane is transformed into the problem of optimization,
which is described as follows:

1 2 -
min ; ||| +C’.21§i
i=

L LY (0T (x)+b) >1-8&;, @
s.t.
£E>0,i=1,2,...,n,

where C is the penalty factor, C > 0; &; is the slack variable;
n is the number of pedestrian samples; y; is the choice result,
yi € {— 1, 1}.

The Lagrange multiplier method is used to solve the prob-
lem of optimization. The optimal classification decision func-
tion is obtained as follows:

1

n

f(x) =sgn < 0y (¢ (x) - ¢ (xi)) +b> : Q)
=1

where ¢ is the Lagrange multiplier.

To overcome the curse of dimensionality, according to the
Mercer theorem, the kernel function K (x,x;) is used to replace
¢ (x)- ¢(x;), namely K (x,x;) = ¢(x) - ¢(x;). Radial basis func-
tion (RBF) is selected as a kernel function, and the formula is
given as follows:

K(x,x;) =exp(—g- |lx—xi[?), g >0, (6)

where g is the normalization parameter of Euclidean distance
among samples.

2.3. Model validation

The pedestrian samples data of Changchun light-rail
transfer station and Beijing Xizhimen transfer station were
collected by recording videos on August 16, 2015 and Au-
gust 17, 2015, respectively. According to Table 1, we transfer
the video data into pedestrian sample data by artificial means.
880 pedestrian samples for each of the upward and downward
directions are selected out, randomly. Each pedestrian sample
contains the real situation of the interlayer height, luggage, the
difference between queuing pedestrians, walking speed, and
the choice result.

The prediction process of pedestrian choice behavior is as
follows:

Step 1 Data preprocessing

According to Table 1, we should transform the pedes-
trian samples which contain the real situation of the interlayer
height, luggage, the difference between queuing pedestrians,
walking speed, and the choice result into the corresponding
characteristic values. For example, if the pedestrian carries no
luggage or a little amount, we set the characteristic value of
luggage to 1; if the walking speed of the pedestrian is 1.5 m/s,
we set the characteristic value of the pedestrian walking speed
to 2.

Step 2 Parameters optimization

With the increasing of the value of C, the empirical risk
decreases and generalizing ability weakens. So, under the
premise of high accuracy, a smaller C is needed. With the in-
creasing of the value of g, the empirical risk increases, and the
empirical risk increases and the generalizing ability strength-
ens. So, a suitable g is needed. The optimal parameters of C
and g are achieved through a genetic algorithm, and the pro-
cesses are shown in Figs. 1 and 2. In the upward direction, the
optimal value C, is equal to 2.531 and g, is equal to 0.359.
In the downward direction, the optimal value Cyoyy is equal to
4.055 and gqown 1s equal to 0.392.

96
94 o
92 ff_u ' ®
@
2 90 -
h=t
=88
86 —+— best fitness
—e— main fitness
84 L L L

0 20 40 60 80 100 120 140 160 180 200
Iteration number

Fig. 1. (color online) Parameters optimizing process in the upward direc-
tion.
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Fig. 2. (color online) Parameters optimizing process in the downward di-
rection.
Step 3 Prediction and accuracy analysis
Based on the survey data, we select 800 pedestrian sam-
ples for each of the upward and downward directions ran-
domly as the training set. On the platform of the Libsvm tool-
box in MATLAB software, with the training set and the opti-
mal parameters Cyp, Ciown> Sup» and gdaown, the Svmtrain func-
tion is used to solve the optimization problem of formula (4).
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And the pedestrian choice results of the remaining 80 pedes-
trian samples for each of the upward and downward directions
are predicted by the Svmpredict function. The prediction re-
sults are shown in Table 2.

Table 2. Predicted results of pedestrian choice behavior.

Upward  Downward
Number of samples 80 80
Prediction accuracy/% 91.25 87.50
Mean prediction accuracy/% 89.38

From Table 2, it is noted that the prediction accuracies
of pedestrian choice behavior in upward and downward direc-
tions are respectively 91.25% and 87.50%. The prediction re-
sults of pedestrian choice behavior are good.

3. Simulation model of pedestrian choice behav-
ior
3.1. Assumption conditions
There are five assumptions in the process of pedestrian
simulation.
Assumption 1 There is no sojourn time when pedestrians
make a decision in front of the escalator and stairway.
Assumption 2 All pedestrians make their decision of
choosing escalator or stairway in the choice zone.
Assumption 3 All prediction results of the pedestrian
choice model of vertical walking facilities are correct.
Assumption 4 The expectation speeds of all pedestrians
are the same.

Assumption 5 The different forms of movements on
stairs and escalators are not considered.

3.2. Simulation scenario

Scenario A The transfer passage of Changchun light-rail
transfer station is selected as a research object. We set the size
of a cell to be 0.4 mx0.4 m, which is the typical space oc-
cupied by a pedestrian.33! With the actual measurement, the
simplified simulation scenario is shown in Fig. 3. In Fig. 3,
the length of the passage is 118 cells and the widths of both
entrance and exit are all 9 cells; the width of the upward es-
calator is 2 cells; the width of the downward escalator is 2
cells; the widths of upward and downward stairways are both
5 cells; the lengths of escalator and stairway are both 46 cells.
The upward and downward escalators are on the same side of
the passage.

Scenario B Generally, the number of pedestrians choos-
ing the escalator is more than choosing stairway, and the es-
calator is narrower than the stairway. Therefore, the density
of pedestrian flow is larger and there always appears the phe-
nomenon of queuing in front of the escalator. As the actual
observation, the upward and downward escalators on the same
side would lead to more conflicts and increase the pedestrian
delay time. In order to reduce the conflicts between pedestri-
ans coming from opposite directions, the upward and down-
ward escalators are set separately on both sides of the passage
and the stairway is set in the middle with the same size as
shown in Fig. 4. Scenario B is the improved Scenario A.

h

upward and downward stairway
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Fig. 3. (color online) Scenario A.

second (m——
floor .

upward and downward stairxay

o
—

downward escalator

upward escalator

Fig. 4. (color online) Scenario B.

3.3. Floor field

In the process of calculation of the floor field, when
pedestrians can only walk in the horizontal and vertical di-
rections, the minimum step between cell(i, j) and exit m is

denoted by 1’;’ When pedestrians walk in horizontal, vertical,

and diagonal directions, the minimum step between cell(i, j)
and exit m is denoted by gf;’ The weighted distance to the exit
m is denoted by djj = & f7 + (1 —€) - g}

The detailed generation process of static floor field is de-
scribed as follows. 3334

Step 1 Initialize f}} and gj}. For arbitrary cell(i, j), set
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;i = —1land gj; = —1if the cell(i, j) is wall or barrier, and
i =0 and g7} = 0 otherwise.

Step 2 Set k = 1; calculate the distance to the exit in four
directions (horizontal and vertical).

Step 2.1 Check grids in four directions around the ex-
its, namely, front, rear, left, and right, denoted by (¢, j'); if

15’;., =0, then set fl’,’;, =k;

Step 2.2 For an arbitrary cell where fl’;’ = k, check cells
in four directions around it, namely, front, rear, left, and right,
denoted by (7', j); if l.’/"j, =0, then set fl’/’;/ =k+1,k=k+1;

Step 2.31f 3i, j, f;7 = 0, repeat Step 2.2; otherwise, go to
Step 3.

Step 3 Set k = 1; calculate the distance to the exit in eight
directions (horizontal, vertical and diagonal).

Step 3.1 Check the cells around the exit in eight direc-
tions, denoted by (i’, j'); if glf?j, =0, then set glff'j/ =k;

Step 3.2 For an arbitrary cell where g/} = k, check (7', j)
around it in eight directions; if g;?j, =0, then set gZ’j, =k+1,
k=k+1;

Step 3.3 If i, j, g;’} = 0, repeat Step 3.2; otherwise, go to
Step 4.

Step 4 Calculate the weighted distance dj; = € - f]} +
(1—¢)-g7}

Step 5 Calculate the static floor field value S =
(maxd}}) —dJy.

i j

In the choice zone, simulate the pedestrian choice behav-
ior by switching the floor field, and set the weight coefficient
€ to be 0.4. Before choosing escalator or stairway, the LP
(Pedestrians generated on the left side of the passage) have the
probabilities to walk on the downward escalator or stairway,
but they cannot walk on the upward escalator. So, we can set
the upward escalator as the barrier.

ARENENARERANERERERERL

| . . T 1
0 20 40 60 80 100 120

Fig. 5. (color online) Floor field for LP without choosing escalator or
stairway in Scenario B.

Figure 5 shows the floor field for LP without choosing
vertical walking facilities in Scenario B. With choosing the
downward escalator, the LP only has the probability of walk-
ing on the downward escalator. So, we can set the upward
escalator and stairway as the barrier.

Fig. 6. (color online) Floor field for LP with choosing escalator in Sce-
nario B.

Figure 6 shows the floor field for LP with choosing the es-
calator in Scenario B. In the same case, for the LP with choos-
ing the stairway, we set the upward and downward escalator as
the barrier. Figure 7 shows the floor field for LP with choosing
the stairway in Scenario B. The white cell represents the exit
of the passage, and the dull-red cell refers to wall or barrier.

NN NENENE NN NNN NN AR AN NN NN NNNN RN ]
{HE RN ENE N NN NN NN AN AN NN A NN NN RRARA ]
{HE AN NN NN RNN A A RN AN N AN N NN RRARA ]

[ . . ]
0 20 40 60 80 100 120

Fig. 7. (color online) Floor field for LP with choosing stairway in Sce-
nario B.

3.4. Transition probability

In general, cellular automata Moore motion rule is widely
used.®> In Fig. 8, including the position occupied by himself,
there are nine positions for a pedestrian to go. The transition
probability of a pedestrian to each position is shown in Fig. 9.

Fig. 8. Moore motion rule.

P, P, Py,
Py Po,n Po,l
P, P P,

Fig. 9. Transition probability.

With the cellular automata Moore motion rule,® the
transition probability of a pedestrian is calculated as follows:

Pj =N-exp (ks - S7;) -exp (kp - Dfj) - (1= pij) - &ijs - (7)
-1

N= |} exp(ks-S};) -exp (kp-Dfj) - (1= pij)-&j |, (8)
i J

where N is the normalized parameter; Sl'-’} is the value of static
floor field at cell(i, j) formed by exit m; Dj}; is the value of
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dynamic floor field at cell(i, j) formed by exit m; kg is the co-
efficient of static floor field, which reflects the degree of pedes-
trian familiarity to the inherent characteristics of the scenario;
kp is the coefficient of dynamic floor field, which reflects the
following trend of pedestrians in procession; L;; is the param-
eter which judges whether the cell is occupied by a pedestrian,
and p;; = 1if cell(i, j) is occupied and p;; = 0 otherwise; &;;
is the parameter which judges whether the cell is occupied by
wall, barrier, and &;; = 0 if cell(i, j) is occupied and &;; = 1
otherwise.

The ks and kp have a remarkable influence on the distri-
bution of the floor field values. In the process of simulation, kp
reflects the following trend of pedestrians. Since the scenario
discussed in this paper is the transfer passage of the station, we
can treat pedestrians as people who have a specific aim. There
is no need to consider the aimless following phenomenon. So,
we set the coefficient of dynamic floor field kp to be zero. If
kp is set to be a fixed value, when kg increases gradually, the

second (mmm—
floor )

pedestrian motion time would decrease in a nonlinear way. 37!

When the coefficient of static floor field kg is equal to 3, the
pedestrian motion time is a well acceptable value and the walk-
ing features of the pedestrians would appear in the simulation,
for example, pedestrians gather in front of the narrow exit and
present an arched shape close to the narrow exit. So, we set
the coefficient of the static floor field ks to be 3.

3.5. Addition of pedestrian choice model

According to the actual observation, the capacity is larger
at the position where the passage becomes wider, and the
change of pedestrian flow state gives a ‘message’ to each
pedestrian. Most pedestrians make a choice between escala-
tor and stairway at the position where the passage becomes
wider. According to the actual observation, we set the width
of the choice zone to be 2 cells and the probabilities of pedes-
trian choice behavior occurring in 2 cells are equal. The choice
zone of Scenario B is shown in Fig. 10.

choice zone

downward escalator

choice zone

upward escalator

Fig. 10. (color online) Choice zone in Scenario B.

There are two rows of cells in the choice zone, so we
set the probabilities of pedestrian choice behavior in the first
and second row cells as both 0.5. When a pedestrian arrives
at the first row cells of the choice zone, a random number
R(R € [0, 1]) is generated. If 0 < R < 0.5, the pedestrian
chooses to take the escalator or take the stairway according to
the pedestrian choice model in the first row cells of the choice
zone. If 0.5 < R < 1, the pedestrian chooses to take the es-
calator or take the stairway according to the pedestrian choice
model in the second row cells of the choice zone. In this way,
the pedestrian choice model of vertical walking facilities is
added into the pedestrian simulation model and the pedestrian
choice behavior is simulated.

Pedestrians are generated on both sides of the passage,
and walk towards the escalator and stairway. When pedes-
trians arrive at the choice zone, the real-time characteristics
of height, luggage, the difference between queuing pedestri-
ans, and walking speed are extracted. Based on these four
influence factors, the pedestrian choice model is used to make
the choice between escalator and stairway, and the pedestrian
choice behavior is simulated by switching the floor field.

Pedestrians generated on the left side of the passage are
marked as LP. Pedestrians generated on the right side of the
passage are denoted as RP.

Taking the LP in Scenario B for example, the transition
probability calculation of LP is dependent on the floor field
which is described in Fig. 5 at the beginning. When they ar-
rive at the choice zone, they choose to take the escalator or
take the stairway according to the pedestrian choice model of
the downward direction. If the pedestrian chooses the escala-
tor, the transition probability calculation of the pedestrian is
dependent on the floor field described in Fig. 6. If the pedes-
trian chooses the stairway, the transition probability calcula-
tion of the pedestrian is dependent on the floor field described
in Fig. 7.

4. Simulation analysis and discussion

The pedestrian choice model of vertical walking facilities
is added into the pedestrian simulation model. The pedestrian
choice behavior is simulated by switching the floor field.

Considering the intermittent arrival of a rail transit vehi-
cle, the pedestrian flow of transfer passage comes in waves. In
the simulation, the LP are generated first on the left side of the
passage. After 70 steps, the RP are generated on the right side
of the passage. The pedestrian flow simulations in Scenarios
A and B are realized. Five stages of pedestrian flow simulation
in Scenario B are shown in Fig. 11.
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The first stage: On the left side of the transfer passage,
the LP are generated and walks towards the right side.

S setes oS
sedeets™es%ed

(a)

s o
23"% o . o

Fig. 11. (color online) Each stage of the pedestrian flow simulation in Sce-
nario B. (a) LP are generated on the left side of the passage; (b) LP choose
vertical walking facilities; (c) RP are generated on the right side of the
passage; (d) RP choose vertical walking facilities and conflict with LP; (e)
LP and RP walk away.

The second stage: LP arrive at the choice zone and they
choose to take the escalator or take the stairway according to
the pedestrian choice model of the downward direction. The
floor field is changed based on the choice results to simulate
the choice behavior of LP.

The third stage: After 70 time steps, on the right side of
the transfer passage, RP are generated and walks towards the
left side.

The fourth stage: RP arrive at the choice zone and they
choose to take the escalator or take the stairway according to
the pedestrian choice model of the upward direction. The floor
field is changed based on the choice results to simulate the
choice behavior of RP. LP meet RP and the conflicts appear in
the passage.

The last stage: With time going on, the pedestrians pass
through the weaving zone, LP and RP arrive at their exits re-
spectively and walk away.

The spatial and temporal distribution of the pedestrian
flow in Scenario B are shown in Fig. 12. The z axis denotes
time (steps), the x axis represents the long side of the research
region, and the y axis refers to the short side of the research
region. Different colors of the triangles represent different
groups of pedestrians. The blue and red triangles respectively
represent LP and RP. The LP are generated on the left side of
the passage and walks towards the right side. The RP are gen-
erated on the right side of the passage and walks towards the
left side. From Fig. 12, at the beginning, there is no conflict,
and the pedestrians walk towards their exits. With time going

on, LP meet RP, and their conflicts appear (corresponding to
Fig. 11(d)). Later, LP and RP respectively arrive at their exits
and walk away.

\&) w
o o
=] o

—_
=]
=]

Time/steps

[e=]

15 &
20 40 60 80 100 120 § &
Length of Scenario B

Fig. 12. (color online) Spatial and temporal distribution of the pedestrian
flow in Scenario B.

Many pedestrians line up in front of the escalator. These
phenomena are all consistent with the actual situation which
we have observed. In Scenario A, due to the pedestrians tend-
ing to take the escalator, some pedestrians would conflict in
the weaving area. This phenomenon is also consistent with
the actual situation which we have observed.

With the pedestrian samples of Changchun light-rail
transfer station and Beijing Xizhimen transfer station, and the
simulation, we can know that when the difference between
queuing pedestrians is small, the pedestrians tend to choose
the escalator. In the process of simulation, the difference be-
tween queuing pedestrians could not be controlled by us. So,
we analyze the dynamic influences of the interlayer height,
luggage and walking speed on pedestrian choice behavior.

Taking the upward direction for example, 200 pedestrian
samples have been selected out from the survey data, and 200
pedestrians which have the same characteristics as those of the
pedestrian samples, are generated in the simulation.

With the changing of the interlayer height, the number
of pedestrians choosing the escalator is changed, and the re-
lationship is shown in Fig. 13. Taking 50-times simulation
experiments, we can find that with the increasing of the inter-
layer height, the number of pedestrians choosing the escalator
is increasing. When the interlayer height is equal to 14.5 m,
the number of pedestrians choosing the escalator is 193, that is
to say, the ratio of pedestrians choosing the escalator increases
up to 96.5%.

N e )
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o O O O O o

— T

N S S S S
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1

choosing escalator

4 7 10 13 16
Interlayer height/m

Number of pedestrians
=
w
=)

Fig. 13. (color online) Relationship between interlayer height and the
number of pedestrians choosing the escalator.
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The relationship between luggage and the number of
pedestrians choosing escalator is shown in Fig. 14. In Fig. 14,
the x axis represents the ratio of the pedestrians without lug-
gage or a little amount, a moderate of luggage, and a large
amount of luggage. For example, 100:0:0 represents that the
number of pedestrians without luggage or a little amount ac-
counts for 100% of the total pedestrians, the number of pedes-
trians with a moderate amount of luggage occupies 0% of
the total pedestrians, and the number of pedestrians with a
large amount of luggage is 0% of the total pedestrians. From
Fig. 14, we can know that the ratio of the pedestrians with a
large amount of luggage is bigger, the number of pedestrians
choosing the escalator is bigger, that is to say, the pedestrian
who carries a large amount of luggage tends to choose the es-
calator.
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Fig. 14. (color online) Relationship between luggage and the number of
pedestrians choosing the escalator.

The relationship between the walking speed and the num-
ber of pedestrians choosing the escalator is shown in Fig. 15.
In Fig. 15, the x axis represents the ratio of the pedestrians
with low speed, moderate speed, and high speed. For exam-
ple, 75:25:0 represents that the number of pedestrians with low
speed accounts for 75% of the total pedestrians, the number
of pedestrians with moderate speed occupies 25% of the total
pedestrians, and the number of pedestrians with high speed is
0% of the total pedestrians. From Fig. 15, we can know that
the difference in influence between low speed and moderate
speed is very small. When the number of pedestrians with
high speed is bigger, the number of pedestrians choosing the
escalator is smaller to a certain extent.
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Fig. 15. (color online) Relationship between walking speed and the num-
ber of pedestrians choosing the escalator.

Taking 50-times simulation experiments on condition that
the numbers of the pedestrians are fixed in Scenario A and Sce-
nario B, respectively, the mean time taken by the pedestrians is
obtained. The relationship between the number of pedestrians
and the time taken is shown in Fig. 16.
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Fig. 16. (color online) Relationship between the number of pedestrians
and the time taken.

From Fig. 16, it is noted that in the case of few pedestri-
ans, there is little difference between the times taken in Sce-
narios A and B. With the number of pedestrians increasing, the
difference between the two scenarios becomes obvious. The
time taken by pedestrians in Scenario B is less than in Sce-
nario A. Also, the curve of the relationship between the num-
ber of pedestrians and the time taken in Scenario B is more
smooth than in Scenario A.

5. Conclusions

(1) The pedestrian choice model based on the support vec-
tor machine can well predict pedestrian choice behavior be-
tween escalator and stairway. The prediction accuracies of
upward and downward direction are respectively 91.25% and
87.50%. The prediction results of pedestrian choice behavior
are good.

(i1) Adding the pedestrian choice model of vertical walk-
ing facilities into the pedestrian simulation model which is
based on cellular automata, pedestrian choice behavior is sim-
ulated. In the simulation, the effects of the dynamics influence
factors are analyzed.

(iii) To reduce the conflicts between pedestrians in oppo-
site directions, the layout of vertical walking facilities is im-
proved. The simulation indicates that the improved layout of
vertical walking facilities can improve the efficiency of pedes-
trians passing.
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