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Abstract: This study aims to optimize the subway platform passenger flow guidance method using Anylogic
simulation software. The objective of the study is to minimize overcrowding within subway carriages, enhance
transportation capacity, and augment service levels by guiding passengers on the platform to board trains in a
distributed manner. The study achieves a balanced flow of passengers in each carriage by taking into
consideration the number of passengers in each carriage, the number of passengers at the station, and the
expected number of passengers disembarking from the trains. The standard deviation of balance is used to
optimize the subway platform passenger flow guidance method. We simulated Guangzhou Metro Zhujiang
New Town Line 5 platform to compare different guidance methods and evaluate their effects on the uneven
distribution of passengers with passenger flows ranging from 120K to 600K people per day. Our results show
that guidance method 2, relative to manual guidance, improves by 38.5% under a daily passenger flow of 240K
people on Zhujiang New Town Line 5. Guidance method 3 improves by 25.7% relative to guidance method 2
and by 54.4% relative to manual guidance.

Keywords: urban rail transit; passenger flow guidance; Anylogic simulation; standard deviation of
balance

1. Introduction

As of December 31, 2022, according to statistical data from the Guangzhou Municipal
Administration of Government Affairs Data Management [1], the Guangzhou Metro has 15
operational lines, along with 11 lines currently under construction. It also has 249 operational
stations, with a total operating mileage of 621 kilometers. In 2022, the daily passenger flow exceeded
6.46 million passenger trips per day, and the Guangzhou Metro has experienced a daily passenger
flow exceeding 6 million for the past five years. Ensuring even passenger flow between carriages and
maximizing the capacity of the train has become an inevitable challenge in organizing passenger flow
in urban rail transit. This requires effective guidance of passenger flow on subway platforms and
reducing disparities in passenger distribution.

Various scholars have conducted research on how to implement effective strategies for guiding
subway passengers and evenly distributing them across carriages. Tian Hongjin et al. [2] proposed a
method for guiding passengers to choose carriages by calculating the congestion level of each
carriage. Wang Shiyi et al. [3] utilized ATS data to determine the real-time congestion of carriages
during subway train operation, helping passengers get in and out conveniently. Pang Mengyuan et
al. [4] employed image acquisition technology combined with time series forecasting to predict the
alighting rate of an entire train, guiding passengers to board and alight trains more efficiently.
CAPALAR ] et al. [5] obtained the number of passengers in each carriage via pressure sensors,
enabling passengers to choose carriages with fewer people. DING H et al. [6] proposed a passenger
carriage selection guidance system using passenger distribution as an indicator, based on a subway
riding guidance model established on the URT platform. Additionally, ZHENG Z et al. [7] proposed
a real-time congestion measurement system for passenger flow on platform screen doors, aimed at
identifying congestion events and reducing passenger accumulation on platforms.
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Previous studies have focused on guiding passenger distribution by measuring the level of
crowding in each subway carriage and attempting to mitigate any existing imbalance. However,
these methods have several limitations. They fail to consider the impact of the number of passengers
disembarking on the uneven distribution of passengers and do not account for the number of
passengers remaining in each carriage, which is a significant factor affecting carriage imbalances. To
address these limitations, we utilized Anylogic simulation software to evaluate subway passenger
distribution imbalances across several stations of operation, specifically on the Guangzhou Metro
Zhujiang New Town Station Line 5 platform. We considered several factors that could have an impact
on subway passenger distribution, including the number of people waiting outside the platform
screen door, distance between passengers in the queue, the number of people already occupying each
carriage, and the number of passengers disembarking. Our study provides quantitative evidence
supporting the significant impact of the number of passengers disembarking on the distribution of
passengers across subway carriages.

2. Methods and Materials

2.1. Subway Platform Passenger Flow Guidance Methods

The effective management of passenger flow on subway platforms is a critical issue for ensuring
efficient operation and passenger safety. Two commonly used guidance methods have been
identified in the literature [8,9]:

(1)Guidance method 1(Manual guidance), which relies on the experience of station staff to assist
in arranging passengers to board the train during peak passenger flow. This method is currently the
most prevalent approach adopted by subway stations worldwide.

(2)Guidance method 2(Automatic guidance), which uses various means to collect information
on the current congestion level in each car of the incoming train and guides passengers to choose
relatively spacious cars through the Passenger Information System (PIS) on the platform. This
approach is implemented on several subway lines in different cities, including Shenzhen Metro in
China, and in countries such as South Korea and Singapore. Among them, the Singapore subway
(SMRT) has achieved better results by combining car congestion information with voice guidance to
improve passenger guidance at the platform level.

This article proposes a novel platform guidance method, referred to hereafter as "guidance
method 3". This new approach is developed based on the analysis of the existing guidance methods
used in subway stations, particularly the successful model implemented by SMRT.

Guidance method 3 is designed to consider the current congestion level of each train car and the
number of passengers waiting in each car on the platform. Moreover, this approach integrates the
prediction of the passenger flow getting off at each car, which is generated using short-term
passenger flow prediction models [10]. By comprehensively considering these three aspects,
guidance method 3 aims to guide passengers efficiently and accurately to choose a reasonable and
fast waiting queue on the platform.

1.3. Evaluation indicators

Subway passenger flow balance refers to the degree to which the number of passengers is evenly
distributed among subway cars. Previous studies [11,12] have used the variance of balance as a
quantitative measurement index. However, the variance of balance tends to grow rapidly as the
passenger flow increases, which can interfere with the comparison of imbalance when small
passenger flows are plotted on the same chart. To address this issue, this article proposes using the
standard deviation of balance (B) as the measurement index, as it provides a similar calculation
method to the variance of balance, but with more accurate measurement and without interference
with imbalance comparisons. Specifically, B calculates the deviation between the number of
passengers in each car and the average number of passengers at the same time, allowing for a more
precise assessment of the uniformity of passenger distribution between subway cars. The formula for
calculating B is as follows:
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where X, represents the number of passengers in carriage i, u1 is the average number of passengers

in all carriages, N is the total number of stations passed, n is the number of carriages, and in China,
the commonly used value for n is 6.

2.2. Introduction to AnyLogic Software

AnyLogic is a Java-based simulation modeling software for various fields, such as industrial
manufacturing, logistics, transportation, healthcare, finance, and the environment. The software
allows for the establishment of discrete event, system dynamics, and agent models, with high
flexibility and scalability.

Compared to other simulation software, AnyLogic adopts a mixed modeling method that
combines different types of models to provide more accurate system behavior representation.
Additionally, AnyLogic offers advanced visualization and dynamic data analysis features to help
users better understand and interpret simulation results. The software is also based on UML and Java
language modeling methods, enabling users to develop, program, and improve model animation
displays and visualization of evaluation indicators quickly.

In this article, AnyLogic simulation software is used to model and simulate subway platform
passenger flow organization. Specifically, the pedestrian library module in AnyLogic and some track
library and process library modules are utilized. The social force model algorithm underlies the
pedestrian library module.

2.3. Basic principle of the social force model e

The social force model is a continuous micro-simulation model that provides real pedestrian
trajectories based on the framework of a multi-particle self-driving system. This model assumes that
individuals have the ability to think and react to the surrounding environment. It uses the concept of
social force to describe subjective desires, mutual relationships between people, and mutual
influences between people and the environment, and relies on three forces as follows:

(1) Intrinsic force: The impact of subjective consciousness on individual behavior can be
transformed into the "social force" exerted by the individual upon themselves, embodying the
motivation of pedestrians to move towards their destination with an eager pace. The kinematic
equation is as follows:

I
dr

where 7, represents the spatial position vector of pedestrian o, and v, (l‘ ) is the desired speed of

=v,(1) @

pedestrian a.

(2) Force between people: It refers to the "force" exerted in an attempt to maintain a certain
distance from other pedestrians, simulating the behavior of individuals in a crowd to avoid collisions.
The equations for pedestrian acceleration, deceleration, and directional changes are as follows:

%=Z(t)+§(t) 3)

where z(t) represents the social force, and & (t) is the disturbance term reflecting the

deviation of random behavior.

(3) Force between people and walls: The influence of the wall on humans is similar to the
interaction between individuals, simulating the perception and response of individuals to the
surrounding environment in order to find a passable path. The equation for social force is as follows:

1.(1)= f( )+faﬁ( ) Zfaﬂ( Va’rﬂ’vﬂ) Zf (C:V,af) (4)
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where fa0 (Va) is the acceleration force, f, 5 (ra) is the force between the person and the wall,

a’a’

(r v rﬁ,vﬁ) is the force between pedestrian a and other pedestrians (3, and

z f. i(r 7 ) is the attraction effect.

a’’i’
i

2.4. Assumptions of the Model

To simplify the passenger behavior and reduce unnecessary complications within the simulation
model, certain assumptions are made. These include:

(1) Passengers in the social force model are assumed to be affected by other passengers, walls,
and waiting queues. To simplify their behavior, the model assumes that the passengers occupy a two-
dimensional circular space, with a diameter range of 0.2 to 0.3 meters, reflecting the typical
physiological sizes of Chinese crowds.

(2) During the waiting process, passengers will queue up in order to board the train without
cutting in line, switching between queues, leaving the station during the waiting period, or giving up
this train.

(3) Pedestrians are assumed to choose the nearest car as the priority waiting queue under other
circumstances.

(4) Based on literature [4], it is established that more than 80% of people hope the walking
distance to be within 50 meters, about 70% are willing to walk a certain distance to go to a spacious
car, and almost 90% want information about passenger flows within the car to guide passengers
towards a more convenient and comfortable travel. Therefore, this study applies an 80% threshold to
determine whether the passengers are accepting guidance. 4.2 Construction of Simulation
Environment The simulation model employs B6 type trains on the platform of Guangzhou Metro
Zhujiang New Town Station’s Line 5 [13]. Zhujiang New Town Station is ranked second in passenger
flow among Guangzhou Metro stations in 2019, giving the simulation model a degree of
representativeness. Figure 1 shows the specific layout of the facility.

——————— Boarding passengers
"""" Alighting passengers
I Entrance
I Exit
-1

1 TR EROAR Ry
(TSI

b4 b4 b8 b4 b 4 &
Carriage VI Carriage V. Carriage IV Carriage Il Carriage I Carriage I

The Direction of the Train Forward

Figure 1. Simulation model platform layout.

2.5. Assumptions of the Model

This simulation model is based on the platform of Line 5 at Zhujiang New Town Station in
Guangzhou Metro. The main structure of Zhujiang New Town Station on Line 5 has a total length of
145.3 meters, and the standard segment width of the station is 29.0 meters. Line 5 of the metro adopts
the B6-type train [13], with a car length of 19 meters, a car width of 2.8 meters, and each car has 4
doors. In 2019, Zhujiang New Town Station ranked second in terms of total passenger flow among
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Guangzhou Metro stations, making it quite representative. The specific layout of the station facilities
is shown in Figure 1.

2.6. Streamline Analysis of Simulation

The passenger flow streamline in a subway station is defined by the passenger’s movement path
and can be broken down into the passenger boarding process and the passenger disembarkation
process. Passenger boarding process describes the flow path of passengers who have arrived at the
platform level and select a waiting queue before boarding the train. Whereas, passenger
disembarkation process refers to the path passengers follow to leave the train and exit the station
upon arriving at their destination. To investigate the impact of the number of passengers exiting each
car on the uneven passenger distribution, this paper focuses on analyzing the selection process of a
waiting queue during the passenger boarding process. Figure 2 illustrates the specific logical
judgment process.

Passcnger Boarding Process. ' :
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Figure 2. Passenger action judgment flowchart.

2.7. Construction of Simulation Model

This simulation model extensively utilizes the pedestrian library, track library, and process
library in Anylogic based on the fundamental logic of the subway platform operation process. Figure
3 illustrates a subway system operation flowchart colored yellow. Using the Anylogic track library,
the train track is established, including items such as the position of the docking platform and the
track’s endpoints marked with space tags. This allows the simulation of multiple platforms, the
boarding and alighting of passengers, and the acceleration of the train as it departs from the station.
In the passenger boarding process flowchart, marked green, Anylogic’s pedestrian library is
employed, and key areas such as the entrance, waiting area, exit, and the passenger boarding route
and queue are identified. The two modules are integrated using Anylogic’s process library (colored
blue in the figure) that connects each car’s relationship in the track library to the boarding and
alighting passengers in the pedestrian library. It offers a judgment logic interface to allow the proper
implementation of the preset selection logic.

The operational logic of the model is based on the flowchart of the simulation model. The
generation of subway trains is realized by the track library, enabling the movement and looping of
trains to simulate their behavior as they pass through multiple stations. The interaction between
trains and passengers is facilitated through the process library, which records the number of waiting
passengers outside each car, manages the generation and removal of agents, and simulates passenger
behaviors such as boarding, moving inside the train, and disembarking at stations. The generation of
passenger agents is implemented by the pedestrian library, where agents are generated at specified
locations according to predetermined proportions. Once the agents reach a designated area, they
briefly pause to simulate the time required to receive guidance information. Subsequently, they
follow the system’s instructions, select the appropriate car, and move to the end of the corresponding
car’s waiting queue. The specific functions of each module are shown in Tables 1-3.
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Figure 3. Simulation model flow chart.
Table 1. TrackLibrary Module Functional Description.
TrackLibrary Module Functional Description
TrainSource Generates train agents (simulates subway train generation)

Moves train agents along the track in the specified direction
(simulates the motion of the subway train)
Removes train agents
TrainExit (simulates the departure of the subway train from the
previous platform)
Generates train agents
(simulates the arrival of the subway train at the next platform)

TrainMoveTo

TrainEnter

The TrackLibrary module is responsible for generating train agents, simulating the movement
of subway trains along the tracks, and facilitating the simulation of train behavior across multiple

stations.
Table 2. PedestrianLibrary Module Functional Description.
PedestrianLibrary Module Functional Description
Generates pedestrian agents
PedSource P 1 ag
(generates passengers entering the platform)
Moves pedestrian agents to the specified area and waits for a
PedWait specified time
(simulates passengers receiving guidance information)
Evaluates pedestrian agents and selects different processes
PedSelectOutput P & P

(simulates passengers choosing different waiting queues)
Guides pedestrian agents to enter the service queue

PedService . .. i,
(simulates passengers queuing in the waiting queue)
PedExit Removes pedestrian agents
(simulates passengers entering the train)
PedEnter Generates pedestrian agents
(simulates passengers leaving the train)
PedGoTo Moves pedestrian agents towards the specified destination
(simulates passengers moving towards exits)
PedSink Destroys pedestrian agents

(simulates passengers leaving the platform)
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The PedestrianLibrary module is responsible for generating pedestrian agents, simulating their
movement, behavior, and interaction with the environment, including entering the platform,
boarding the train, and exiting at the destination.

Table 3. ProcessLibrary Module Functional Description.

ProcessLibrary Module Functional Description
Prevents pedestrian agents from entering the next process
Hold (simulates platform screen doors, allowing passengers to enter the

train only after arrival)
Connects pedestrian agents from the pedestrian library to the process
Queue library
(records the number of passengers entering the specific car)
Connects the track library with the process library

Pickup (each car obtains the specific number of people inside the car)
Dropoff Connects the process library with the pedestrian library
(each car releases the specified number of passengers to disembark)
Pauses the process for a specified time
Delay (simulates the time consumed by subway operation and passenger

boarding)

The ProcessLibrary module serves as a connector between different components of the
simulation, facilitating the flow and coordination of pedestrian agents, train operations, and
passenger interactions. It controls the progression of processes, such as platform access, passenger
counting, train occupancy, and disembarkation.

2.8. Model Parameter Settings

The single station run time of the train, passenger boarding and alighting time, passenger
leaving seat pre-alighting time, subway arrival pre-opening time, departure pre-acceleration time,
and the boarding time for a single passenger were set to 1 minute and 20.53 seconds, 42.02 seconds,
45.53 seconds, 1 second, 1 second, and 0.1 seconds respectively, based on frame-by-frame statistics of
the entire Point of View (POV) of Guangzhou Metro Line 5 (Jiaokou-Wenchong). According to
literature[14], the proportion of transfer passengers among boarding and alighting passengers on
Line 5 in Zhujiang New Town is 73.8% and 47%, respectively. Table 4 presents a detailed outline of
the relevant parameter settings for the AnyLogic Model.

Table 4. Relevant Parameter Settings of AnyLogic Model.

Module Parameter Name Parameter Value
carindex==0?new RailCar():carindex%2==0?new
PassengerCar2():new PassengerCarl1()

New Carriage

TrainSouce Carriage Length carindex==0721:19
Cruising Speed 150/35(m/s)
Delay Door Waiting 42.02s
Time
TrainMoveTo Cruising Speed 200/45.53(km/h)
Dropoff Ahghtl?g triangular(0, 1, 0.7)
Proportion
Pedsource(S) Arrival Rate All*0.132
Pedsource(M) Arrival Rate All*0.369
Comfortable
if 5,1
Pedsource(All) Speed uniform(0.5, 1)

Initial Speed uniform(0.3, 0.7)
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Diameter uniform(0.2, 0.3)
CO?;ZZ?MP’ uniform(0.7, 1.2)
PedE
edEnter Initial Speed uniform(0.5, 0.9)
Diameter uniform(0.1, 0.2)
Dynamic Value 1 self. TYPE_PROBABILITIES(0.1, 0.1, 0.1, 0.1, 0.3,0.3)
secSelectUnfollow Dynamic Value 2 self. TYPE_PROBABILITIES(0.1, 0.1, 0.3, 0.3, 0.1,0.1)
Dynamic Value 3 self. TYPE_PROBABILITIES(0.3, 0.3, 0.1, 0.1, 0.1,0.1)
Probability (M) 0.47
lectOutput
SelectOutput b ability (3) 0.265
3. Result

Academic literature [12] reports that the average daily passenger flow for Line 5 in Zhujiang
New Town is 240K individuals per day. To simulate the passenger distribution, three guidance
methods are utilized, with passenger flows ranging from 120K to 600K people per day. The
equilibrium degree’s standard deviation’s reliability under each condition is above 90% (1-a., o is
the mean confidence).Tables 5-7 show the results:

Table 5. Passenger distribution imbalance when using guidance method 1.

Passenger Flow Count Equilibrium Deviation Deviation Mean Sum
(10K people/day)  (times) Standard Confidence
12 147,674 24.574 8.143 0.042 3,628,992.526
24 199,761 48.433 15.824 0.069 9,674,977.691
36 210,348 72.225 23.866 0.100 15,192,431.946
48 - - - - -
60 - - - - -

Table 5 displays the standard deviation of equilibrium degree for passenger flows of 120K to
360K people per day under the guidance method 1 condition. When passenger flow surpasses 360K
people per day, platform accumulations occur, which prevent the AnyLogic simulation platform
from collecting adequate data points under stable conditions. Thus, there is insufficient relevant data
for passenger flows of 480K and 600K people per day.

Table 6. Passenger distribution imbalance when using guidance method 2.

Passenger Flow  Count Equilibrium Deviation Deviation Mean Sum
(10K people/day) (times) Standard Confidence
12 40,491 15.442 4.813 0.047 625,260.697
24 134,002 30.223 9.24 0.049 4,049,875.47
36 73,084 42.361 12.963 0.094 3,095,923.827
48 111,060 50.647 16.528 0.097 5,624,844.113
60 182,196 64.214 21.855 0.100 11,699,623.509

Table 6 presents the simulation results of standard deviation of the equilibrium degree for
passenger flows ranging from 120K to 600K people per day under the guidance method 2 condition.
As passenger flow on the platform increases, the platform’s passenger distribution imbalance also
increases at a certain level. Although the overall passenger distribution on the platform is more
balanced and stable under the same passenger flow conditions, the number of samples available for
reliable standard deviation of equilibrium degree is much lower than for guidance method 1.

Table 7 displays the simulation results of standard deviation of the equilibrium degree for
various passenger flows under the guidance method 3 condition. Compared to guidance method 2,
guidance method 3 is more effective, requiring fewer samples to achieve a reliable standard deviation
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of equilibrium degree, and leading to a more balanced and stable passenger distribution on the

platform.
Table 7. Passenger distribution imbalance when using guidance method 3

Passenger Flow Count Equilibrium Deviation Deviation Mean Sum

(10K people/day) (times) Standard Confidence
12 35,141 11.519 4.409 0.046 404,773.036
24 113,375 22.488 8.567 0.05 2,549,572.184
36 68,578 33.95 12.802 0.096 2,328,243.152
48 97,391 43.842 15.812 0.099 4,269,783.179
60 180,316 61.658 20.711 0.099 11,117,996.994

4. Discussion

4.1. Analysis of Simulation Data

Figure 4 illustrates the standard deviation of the equilibrium degree for the three subway
platform passenger flow guidance methods. Guidance methods 2 and 3 offer significant
improvement in obtaining reliable data within 600K people per day and in addressing the issue of
uneven passenger flow distribution, particularly when compared to guidance method 1, which can
only collect data up to 360K people per day.

| L] Method 1
[ Method 2
Method 3

@
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Figure 4. Passenger Imbalance.

Figure 5 displays a line chart representing the entropy-based imbalance of passenger
distribution in each carriage as platform flow increases. Notably, the existence of a proportion of
passengers who ignore guidance leads to an increase in entropy-based imbalance with rising
passenger flow. Guidance method 3 performs better than guidance method 2 in addressing this issue.
However, as passenger flow continues to increase, the effect of improvement weakens due to
insufficient transportation capacity on the platform. At this point, additional guidance and flow
restriction measures are necessary to produce further improvement. Please refer to Table 8 for details
of specific improvement ranges.
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Figure 5. Passenger Distribution Imbalance Coefficient Diagram.
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Table 8. Improvement Ranges Compared to Existing Guidance Methods.

P
a;izr‘:ger Guidance Method1 Guidance Method2 Guidance Method3 Relativeto Relative to
(10K Equilibrium Standard Equilibrium Standard Equilibrium Standard Method 1 Method 2
Deviation Deviation Deviation Increase Increase
people/day)

12 24574 15.442 11.519 53.1% 25.4%

24 48.433 30.223 22.488 53.6% 25.6%

36 71.023 42361 33.95 52.2% 19.9%

48 - 50.502 43.672 - 13.5%

60 - 64.135 62.323 - 2.8%

4.2. Analysis of Passenger Flow Distribution Using Simulation Platform

The passenger density map is an intuitive and vivid way to represent the distribution of
passengers on the platform. To better understand the platform passenger flow distribution under
different guidance methods, we observe the passenger density map after one hour of running the
model in virtual time mode. A key density of 9 people per square meter is used.

Figure 6 displays the passenger density map for guidance methods 1, 2, and 3 at Zhujiang New
Town Station’s Line 5, with an average daily passenger flow of 240K people. The figure indicates a
mild passenger concentration in the waiting queue for the middle carriage under guidance method
1. In comparison, the passenger distribution under guidance methods 2 and 3 is more balanced and
shows a state of equilibrium.

Figure 6. Passenger Density Map for Guidance Methods 1, 2, and 3 at 240K People/Day.

Figure 7 presents the passenger density map for guidance methods 1, 2, and 3 at Zhujiang New
Town Station’s Line 5, where passenger flow reaches 480K people per day. The map indicates
significant passenger accumulation in the waiting queue for the middle carriage under guidance
method 1. By contrast, under guidance method 3, the platform displays fewer passenger
accumulations and a more equitable passenger distribution in comparison to guidance method 2.

Figure 7. Passenger Density Map for Guidance Methods 1, 2, and 3 at 480K People/Day.

5. Conclusions

This paper provides a comprehensive summary and explanation of the current two passenger
flow guidance methods on subway platforms and proposes a novel approach. The new method is
based on the original guidance indicators of carriage congestion and the number of passengers
waiting for each carriage on the platform, with the added consideration of the expected number of
passengers getting off each carriage. This new approach better addresses the issue of uneven
distribution of subway passengers. Using AnyLogic simulation software, this paper has examined
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the passenger distribution issue under different flow conditions and verified the effectiveness of the
new approach using three methods. Based on the results, the following conclusions can be made:

(1) Optimal guidance methods can significantly alleviate uneven passenger distribution and
improve overall train capacity utilization under average daily passenger flow intensity.

(2) As passenger flow increases towards peak hour levels, however, transportation capacity on
the platform becomes insufficient, leading to consistent guidance effects across methods. In such
cases, additional guidance and flow restriction measures may be necessary, requiring collaboration
with other public transportation methods to ensure efficient passenger transportation.

The research conducted in this article focused solely on the simulation of the platform layout
format and performing a statistical analysis on the passenger flow range ranging from 120K/d to
600K/d. Nonetheless, the article solely concentrates on only three factors’ effects: namely, car
congestion, queue length, and the expected drop-off count on ride waiting time. Future studies will
investigate the influence of passenger allocation across various platform formats and various
passenger flow rates. Additionally, those studies will apply innovative passenger flow guidance
mechanisms for verifying the implementation in real subway passenger management.
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