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Abstract 

During emergency evacuation, there will be enormous security problem. It is an important field to lucubrate the 
crowd dynamic in evacuation. The research of evacuation modeling and simulation is widely developed with the 
development of computer simulation. The theory and method of Multi-Resolution Modeling provide a new way to 
simulate the crowd dynamics. In this paper, based on the theory of complex system, with the multi-resolution 
modeling and method, two kinds of resolution model on pedestrian evacuation and simulation have been presented. 
One is based on Multi-Agent framework and a modified PSO algorithm. The other is based on the Euler equations of 
fluid dynamics. The case study of pedestrian flow simulation in Optical Valley Plaza is explored thoroughly by using 
the fluid dynamic equation. The aggregate/ disaggregate algorithm of multi-resolution model is presented to 
implement the interaction and parallel computing of the micro simulation model and the macro simulation model. 

© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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A comprehensive simulation model for emergency evacuation should be multi-scale. In the micro-level, 
the simulation model should analyze individual’s behavior triggered by disaster like fire or toxic gas 
diffuse in buildings and public place, provides information and evaluations of the emergency evacuation. 
While in the macro-level, the simulation model should analyze pedestrians’ social behaviors in the range 
of blocks and city. The theory and method of Multi-Resolution Modeling (MRM) provide a new way to 
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simulate the crowd dynamics. In this paper, we present two granularities of model to simulate pedestrians’ 
individual behaviors and their social behaviors during evacuation.  

1. The pedestrian’s evacuation simulation model based on MRM 

1.1. Multi-Resolution Modeling 

With the development of distributed interactive simulation, multi-resolution modeling becomes a hot 
spot for the research of advanced modeling and simulation. The multi-resolution modeling is a technique 
that simulates a system or process in multiple granularities and level of details, maintains the consistency 
of system’s key properties, and automatically chooses one granularity of simulation model to represent the 
system according to system requirements. Although the theory and technology of MRM is not completed 
in many ways, MRM is becoming the most important technology in the area of distributed interactive 
simulation.  

The research of MRM began in 1990’s. It is now became the crucial technology of large-scale 
simulation and distributed interactive simulation for complex system. The research of MRM includes the 
MRM’s conception and description, modeling method, the consistency of multiple resolution models, and 
its applications. [1] 

1.2 The micro model and macro model for people’s evacuation simulation 

Roger L. Hughes [2] gave two fundamentally distinct theories for modeling crowd motion. The first 
theory involves treating pedestrians as discrete individuals; the behavior of each individual is simulated in 
a visual environment generated in computer. Both Lagrangian simulation and Eulerian simulation can be 
used in this theory. The second theory, applicable only in large crowds, involves treating the crowd as a 
whole. Crowds are treated as (a) a fluid (now rare), (b) a continuum responding to local influences, or (c), 
by assuming individuals in the continuum move so as to optimize their behavior to reach non-local 
objectives. To the author’s knowledge when using the second philosophy attention has been restricted to 
Eulerian modeling.  

The first theory provides efficient simulation for small crowds. And the second theory is probably 
better in understanding the rules governing the overall behavior of these flows. That is, it suits for 
simulating extremely large crowds especially in studying those aspects of the motion for which individual 
differences are not important. Both theories have their place. They should be seen as complementing each 
other.  

In this paper, a crowd needs to be treated as discrete individuals in emergency evacuation in the micro 
level. It also needs to be treated as an identity in the macro level. Therefore, a Multi-Agent System and 
PSO based individual model is presented for simulating the individual’s behavior in emergency 
environment, and a fluid dynamic equation based on Euler equation is presented for simulate large crowds 
in wide range of emergency environment such as blocks or town.  

2. The individual model based on Multi_Agent System and PSO algorithm 

By summarizing human individual behaviors and social behaviors in emergency situation, each 
occupant is considered as an autonomous agent, all the agents’ behaviors are relied on a hierarchy of 
behavior rules. Fig1 shows the simulation framework based on Multi-Agent System. [3] 
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Fig. 1. Evacuation Simulation Framework 

While modeling the evacuation agents, we define three parts of agent’s attributes: physical attributes, 
psychological attributes and moving attributes. [4] We present a modified Particle Swarm Optimization 
with is called the Linear Weight Decreasing Particle Swarm Optimization (LWDPSO), as the following 
[5]: 

Before the exit of evacuation is found out: 

1 1 2 2( 1) ( ) ( )( ( ) ( )) ( )( ( ) ( ))i i i i g iv t v t c r t p t x t c r t p t x tω+ = + − + −
                                                                        (1) 

( 1) ( ) ( 1)i i ix t x t v t+ = + +
                                                                                                                      (2) 

After the exit of evacuation is found out by any particle: 

1 1 2 2( 1) ( ) ( )( ( ) ( )) ( )( ( ) ( ))i i i i g iv t v t c r t p t x t c r t p t x tω+ = + − + −
                                                                       (3) 

( 1) ( ) ( 1)i i ix t x t v t+ = + +
                                                                                                                      (4) 

( )( ) ( , )j
g i gp t Min p pdis=

                                                                                                               (5) 

Where xi is the ith particle’s location in search space, pi is the best previous position which possesses 
the best fitness value of the ith particle, the index of the best pbest among all the particles is represented by 
the symbol g, the location pg is also called gbest, vi is the velocity for the ith particle. At each time step, the 
basic concept of PSO consists of changing the velocity and location of each particle towards its pbest and 
gbest location. The termination criterion for iterations is according to whether a maximum generation 
number or a designated value of the fitness is reached. And ω  is the inertia weight which can be adjusted 
in the direction of linear decrease. ω  keeps particle’s moving inertia, so that particle has the ability to 
expand searching space and explore new zone. With largeω , the algorithm provide preferable global 
convergence, while with smallω , the algorithm provide preferable local convergence. Shi Y and Eberhart 
R C suggested that [6] when ω has the value between [0.4, 0.9], the algorithm is convergent efficiently. 
While 
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According to Fruin Level of Service [7], the average walk speed of normal occupant is 1.35m/s, and 
the average fast walk speed of normal occupant is 1.5m/s. Therefore, vi(t+1) has the limitation of less than 
1.5m/s. 

The emergency environment is separated into cells which are designated by values. Corresponding to 
PSO method, the value of the cell is regarded as a particle’s fitness value at this position. Basically, the 
value reveals the distance of the cell to the closest exit. However, in order to show the popularity 
difference between two exits, we raise the cells’ values which are around the less popular exit to ensure 
that most particles will choose the main exit. What’s more, to distinguish the dangerous zone from other 
normal space, the cells which are in the dangerous zone are designated by extremely high values. 

3. Crowd dynamic model based on fluid dynamic equation 

3.1. The fluid dynamic equation  

In this paper, we implement the continuum theory of Roger L. Hughes [2] to simulate the flow of 
pedestrians. In the theory, we assume that there are two primary qualities: flow density ρ and flow 
velocity (u, v). Flow densityρrepresents the number of personnel per area at the position (x, y) at time t. 
Flow velocity (u, v) represents person’s speed at position (x, y) at time t. We now ignore the discrepancy 
of pedestrians, so the value ofρand (u, v) is the average value at the position (x, y). Therefore, a two 
dimensional differential continuity equation can be implied: 
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Hughes’ model is built on three hypotheses: (1) the speed of pedestrians is only determined by the local 
density and the pedestrians’ behavior around them. (2) Pedestrians have the sense of movement target. A 
potential field exists so that pedestrians move at right angles to lines of constant potential. (3) Pedestrians 
seek the path that minimizes their (estimated) travel time, but temper this behavior to avoid extremely 
high densities. The equations for pedestrian flow are as the following: 
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While f(ρ) represents speed, φrepresents the potential value, g(ρ) is an adjustment factor which 
represents the indisposed factor in high flow density situation. (8) and (9) can be considered as the initial 
equation of pedestrians flow. According to different evacuation environment, more hypotheses could be 
introduced and the model could be modified. 

3.2. The case study of Crowd dynamic model 

We simulated the pedestrian flow in the biggest center park --Optical Valley Plaza in Wuhan City. The 
remote sensing image of Optical Valley Plaza is from Digital Globe Image of Google Earth 2010, shown 
in Fig 2(a), the layout plan of this plaza is shown in Fig 2(b). The features of plaza borders, grass lawn, 
roads, plazas, sidewalks, lanes, and stairs are digitalized and processed as Fig 2(c). 

According to Fruin’s Level of Service, pedestrian’s walking speed is less than 1.5m/s; downstairs 
travel rate is less than 0.9m/s while upstairs travel rate is less than 0.67m/s. The moving target for each 
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evacuation person is the position of exit. Code for transport planning on urban road (GB 50220-95) 
specifies that the area of square and commercial walk street should be calculated as 0.8-1.0 person/m2.
Therefore, in this case the plaza was separated as 1m2 per cell, each person occupied one cell. According 
to statistics, the average flow of people in weekend is 12,000 to 15,000 each day, and the average flow of 
people in holidays is 22,000 to 23,000 each day. In this paper, we chose the typical ordinary weekend as 
simulation sample, took the average flow of people 13,500 each day. The iteration of equations (8) and (9) 
was build to solve the pedestrian flow dynamically every 2 hours. The algorithm is as the following. 

1. Initial pedestrians: set the enter time and target zone for each pedestrian in Optical Valley Plaza.  
(1) Set the time point, separate a day as 12 equally periods. 
(2) Set the target zone for each pedestrian, the target zones are the main buildings in Optical Valley 

Plaza.
(3) Set the attractive factor of the target point to the pedestrians. Every attractive factor of the target 

point is randomly assigned to each pedestrian. 
(4) Assign the enter time for each pedestrian with Poisson distribution theorem. 
(5) Integrate the pedestrians with time and space, calculate the aggregate pedestrians each day, and 

achieve the approximate solution of pedestrian flow in every time period and in different zone 
with iteration regression. 

(6) Take these approximate solutions as the initial value for the simulation model. 
2. Solve the equations. 
(1) Discrete the computational grids with boundary element discretization algorithm. 
(2) Take the value of discrete element as the mean value of interpolation model for substitute equation 

to solve the equations. 

(a)                                                        (b)                                            (c) 

Fig. 2. (a)The remote sensing image of plaza; (b) The layout plan of plaza; (c)The layout plan after digitalized 

The results of the simulation for pedestrians are shown in Fig 3(a) and Fig 3(b). 
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(a)                                                                       (b) 
Fig. 3. (a) The distribution map of pedestrians’ average density; (b)The distribution map overlayed with the remote sensing image

3.3. Result of the case  

Fig 4 presents the pedestrians’ average density of each period from exit A to exit E.  

Fig. 4.  The pedestrians’ average density of each period from exit A to exit E 

In Fig 4, the number evacuated persons from each exit are not even. The location and layout of 
pedestrian mall in Optical Valley Plaza is the main reason. Exit A is the most popular exit for pedestrians 
with the biggest pedestrian flow. The walking condition of exit A should be improved with broadening 
the road and installing barriers. The utilization of exit E should be raised. Exit D is also one of the most 
popular exit, signals and marks should be equipped to guide pedestrians through the exit.   

4. The aggregation /disaggregation algorithm of two resolution models 

The aggregation /disaggregation algorithm is researched on parallel implementation of PSO pedestrian 
model and fluid dynamic equation in distributed interactive simulation. In the process of aggregation, the 
massive individual’s evacuation information in PSO model should be aggregated to the flow rate and flow 
density in fluid dynamic equation, the possibility of making error with this procedure might be ignored. In 
the process of disaggregation, we need to generate massive and more detail information from fluid 
dynamic equation, therefore the additional information and more rules should be involved. The 
objectivity of the extra data affects the accuracy of high resolution model.  

The outline design of the structure of aggregation /disaggregation algorithm is presented as Fig 5. The 
trigger mechanism of aggregation and disaggregation includes the geographical area, scale range of 
visualization, event and command trigger. The thing is, when aggregation and disaggregation the specific 
element, the structure of algorithm should be involved with the element’s type and its application 
environments. Such as, when first disaggregation, there is no history states data of high resolution 
element for reference. Therefore, only the disaggregation rules and environment shall be involved in the 
algorithm.  
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Fig. 5.  The structure of aggregation /disaggregation algorithm 

5. Conclusions and future work 

In this paper, we have presented a high resolution model of evacuation simulation based on Multi-
Agent and PSO. Then we have implemented a low resolution model of pedestrian flow based on fluid 
dynamic equation. The two resolution models aggregation /disaggregation algorithm has been provided to 
build the Multi-Resolution Modeling (MRM) and simulation. The scenarios of evacuation environment 
and crowd dynamics are simulated. The result shows that the simulation system well performs some 
typical evacuation behaviors. 

In the future, more evacuation behaviors should be observed and summarized. As more research 
carried on, fire and poison gas diffusing model will be imported to the evacuation simulation system.  At 
present, the evacuation results can only be displayed on two-dimensional map, we will also make an 
effort to visualize the evacuation environment and crowd dynamic in three-dimensional scene. I will 
complete the multi-resolution model, particularly the fluid dynamics model; hope to introduce the viscous 
effects of fluid, and continuing the research of aggregate/ disaggregate algorithm of multi-resolution 
model and its consistency maintenance. 
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