Large scale traffic evacuation simulation

based on multi-agent modeling

Liu Yi, Yu Shuiping, Qian Jing, Yuan Shengcheng”

Institute of Public Safety Research (IPSR), Department of Engineering Physics,
Tsinghua University, Beijing, P. R. China
* Corresponding author: yuancc06@qq.com

Abstract

Traffic evacuation is one of the most important issues in the area of emergency management,
and the selection of evacuation exit is the key to improve evacuation efficiency. Due to great
difficulties in field experiments of emergency traffic evacuation, this paper presents a new type
of traffic evacuation simulation system which could analyze the impact of the number and the
location of evacuation exits and population density on evacuation time, and decision-making
support can be obtained on the basis of it.
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Introduction

Traffic evacuation is the main way of large-scale emergency evacuation, and is an important
part of emergency response. Experts and scholars in the field have constructed the simulation
methods of different scenarios by the abstraction, integration and dynamic coupling of various
traffic simulation models.

In earlier research, the evacuation is considered a special traffic event which involves
completely different driving behaviors and traffic management comparing with the normal way.
On this account, a class for a certain type of disaster and evacuation simulation software
emerged, such as NETVACI[1] was developed for evacuation of nuclear leakage accident, and
MASSVACI2] was for emergency evacuation of hurricane in city.

In recent years, with the mature and widely used ITS (Intelligent Traffic Sﬁstem) technology,
the evacuation research tends to use simulation software based on ITS. There existing some
Bopular such software, such as Paramics[3], CORSIM[4], MATSim[5], Integration[6], etc. ITS

ased traffic simulation software provides a lot of convenience for the evacuation simulation
research, otherwise recent studies have shown that those software can’t simulate emergency
evacuation scenarios very well, and there are two reasons for this phenomenon.

There exists too many conditions and default information to evacuation simulation, for that
most of the evacuees are likely to temporarily adjust the evacuation route.

The existing normal simulation software concerns only with traffic distribution and traffic
control measures, while ignoring important contents such as background information of
evacuation.

The traffic evacuation simulation system proposed in this paper is developed by Tsinghua
University, and the accuracy and effectiveness of the system has been tested [7]. The system is
on the analysis of microscopic evacuation model, characterizes heteroc];eneit%/ based on dynamic
parameters and models, establishes the microcosmic simulation models with heterogeneity and
the numerical calculation models, and deduces the theoretical calculation errors, finally realizes
the dynamic control of the calculation errors.



Agent and driving behavior models

Transportation is a complex system. Due to the driving variability, much attention has been
paid on the simulation in normal situations and focus on various driving behaviors. The
microscopic evacuation models used in the system are shown in Table 1. Car-following model
consists of Gipps' model [8], Optimal Velocity Model (OVM) [9], Tampere model [10] and
Intelligent Driver Model (IDM) [11]. Lane-changing models like MOBIL [12], describing when
and how drivers change their lanes, were usually used with car-following models together.
Intersection model is made up of signal light model [13;, and models like Doniec’s model
(Doniec) [14] expanded the scoge of car-following models from roads to crowded intersections.
The path selection model uses the shortest path model [15] based on the A* algorithm, and also
the model based on the potential energy network (simulated navigation equipment) [16]. The
analysis model uses logit discrete choice model to make decision of departure time and
destination [17][18]. The system also developed two simplified psychological cognitive models
on the basis of the psychological model proposed by Spielberger [19] and Helbing [20].

The study uses a fuzzy value from 0 to 1 to measure the nervousness of an agent and use it to
change other agent’s parameters. It needs an external function to change the nervousness value.
This paper assumes that it follows the logistic differential function. The value increases if the
agent moves slowly and decreases if it drives fast.
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where t is the simulation time, n is the nervousness value of agent i, ni(0) is the initial value of
ni, tr is the nervousness reaction time which refers to the time of an agent gaining its nervousness
from 0.5t0 1/(1+e1) =0.731, Vlow is the threshold of speed in which an agent thinks it
drives slowly, and #i(t) Is the event that agent i drives in low speed. The system records the
maximum nervousness value of each agent during simulation. An agent whose nervousness
value is greater than 0.8 is regarded as a “panic” agent which will be focused in the experiment.
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where t is the simulation time, i is the agent’s id number, nw(i) is the maximum nervousness
value of agent i, and &(i) is the panic event that agent i has been panic during the simulation.

An agent follows different behavior under anxiety or not, for example, people have a higher
probability to run red lights and other herd behavior. The corresponding relationship between
anxiety state and behavior pattern is shown in Table 2, and the corresponding relationship with
the agent attribute is shown in Table 3.

Tablel Model library used in this system

Category Model Name Description Literature
Gipps Model Driving model for safety (8]
Car OVM Model Driving model for speed [9]
Following Tampere Model Driving model for stability [10]

IDM Model Driving model for smart [11]



Deterministic lane changing

MOBIL Model [12]
model
Lane Change Probabilistic lane changin
Lv Model s [21]
model
) Doniec Model Intersection model with no signal [14]
Intersection ) o
Feng Model Intersection model with signal [13]
Shortest Path Route selection model based on [15]
Path Model shortest distance
Selection Minimum Potential Route selection model with [16]
Energy Model minimum driving time

Departure Logit Discrete choice model for [17]

Requirement Model determining departure time

analysis Destination Logit Discrete choice model for
.. o [18]

Model determining destination

Psvehological Nervousness A model for simulating the

Sye odoglglca Model anxiety degree of evacuees [19]
mode

Conformity Model Herd behavior model of evacuees

Table 2 The relationship between anxiety state and behavior pattern

Category Non Anxiety Anxiety
Car Following Conservative Parameters Radical parameters
Lane Change MOBIL Model Lv Model
Path Selection Minimum Potential Shortest Path Model
Energy Model
Conformity Behavior Low Probability High Probability

Table 3 Relationship between anxiety state and agent attribute

Parameter Non Anxiety n; = 0 Anxiety n; =1
Maximum Acceleration (m/s?) 2.0 4.0
Maximum Deceleration (m/s?) -2.8 -6.0

Maximum Deceleration of Front 93 6.0
Vehicle (m/s?) ' '
Static Following Distance (m) 7 4
Lane Change (°) 10 20

The attributes of agent in anxiety state and non-anxiety state change in the linear relationship.
p=(1—-n)po+nps

Where p is the agent’s behavioral parameters, po means the value in normal state and p1 means
the value in panic state.



Case Study

The evacuation time is of great significance in traffic evacuation. In this paper, a specific

experiment is designed to study the relationship between the evacuation exits and evacuation
time.
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Figure 1 Emergency evacuation area

As shown in Figure 1, the experimental area is a busy area in Beijing, and simulation area is of
5.2694 square kilometers, including 4 exits. The study carried out five groups of experiments,
designed as shown in Table 4, each group involves 9 tests through the establishment of different
initial evacuation of the population.

Table 4 Experimental design

Number Exit amount Exit number evacuation population
Group 1 1 1 iti

G2 2 w2 et
Group 3 2 1&3 increasin p2500 u
Group 4 3 b 2&3 025000,
Group 5 4 1, 2, 3&4 '

Evacuation simulation results

Table 5 lists the linear fitting parameters of the evacuation time data after 5 groups of
experiments which each of them consist 9 initial settings.

Table 5 The linear fitting parameters of the evacuation time data

Number *xctpo [p1pi] 95% confidence correlation  standard
PIXTPOLPLPO interval coefficient deviation
0.269 (0.2615,0.2766)
1 ) 11.
Group 10.01 (-13.51,33.53) 0.9990 7787
Group 2 0.08785 (0.08314,0.09256)

52.47 (37.8,67.14) 0.9964  7.3443




Group 3 0.1078 (0.1054,0.1102) 0.9994 37883

34.9 (27.34,42.45)
Group 4 0.05429 (0.04871,0.05988)

52.8 (35.39,70.2) 09869 8.7429
Group 5 0.04889 (0.0399,0.05787)

27.81 (-0.213,55.84) 09594 14.0001

According to the data in table 5, the correlation coefficient of each experiment is relatively high,
the correlation degree is 0.9990, 0.9964, 0.9994, 0.9869, and 0.9594, respectively. It can be
found there existing a high linear correlation between evacuation time and population density.
The more exits, the more random selection of the crowd, which leads to the decrease of the
evacuation time correlation and improvement of data dispersion.

Figure 2 shows the relationship between population density and evacuation time, the horizontal
axis represents the population density (per S(t]uare kilometer), the vertical axis represents the
evacuation time (minutes). Each increase of 500 people per square kilometer, the average
change of evacuation time corresponding to each group is increasing 269 minutes, 88 minutes,
108 minutes, 54 minutes and 49 minutes (Fig. 3). The second group and third group of
experiments show that under the same condition of evacuation, the diagonal evacuation exits
(such as the export of 1 and 3) performs much more better than side exits (such as the export of
1and 2), it can be proved by experimental evacuation time (108 minutes >88 minutes). Figure
4 shows the ratio of evacuation time between multiple exit and single exit at the same population
density, the ratio is 0.4044, 0.4505, 0.2821 and 0.2239, respectively. Multi group data show
that the result of the third experiment group is worse than second groups, and it can be known
by Figure 1, the density of the roads and buildings around exit 1 and exit 2 is high, there needs
to evacuate more population.
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Figure 2. The relationship between population density and evacuation simulation time
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Figure 3 Population density increased by 500 people per square kilometer, the changes
of evacuation time with different amount of exits
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Figure 4. The ratio of evacuation time between multiple exit and single exit

Conclusions

This paper introduces a new type of traffic evacuation system, emphatically discusses the
influence of the exit amount, location and population density on evacuation time, and the results
can be used to traffic evacuation decision support.

In this paper, five groups of evacuation simulation experiments under different initial conditions
are designed, and the experimental data are analyzed in detail. The main results are as follows:

(1) There is a _highIK positive linear correlation between evacuation time and evacuation
population density. The evacuation time is related to the evacuation exit and nonlinear.

(2) Evacuation exits should be selected in areas with high population density.

In the future, we will consider additional factors (e.g., different types of vehicles, pedestrians,
or bicycles) in the simulations for better understanding of evacuation-related decisions.
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