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Abstract 

This paper presents a newly developed mesoscopic model with grid-based structure for building evacuation simulation. The evacuation 
space in this model is discretized into cells with larger size than that of the microscopic models. This mesoscopic model directly computes 
the density flow between the cells governed by the density flow algorithm. The computation speed is higher than the traditional cellular 
automata model in which the movements of all pedestrians should be tracked for calculating the crowd density. To test the feasibility of 
this model, we applied it to a typical scenario in which pedestrians evacuate from a square room with single exit and conducted parameter 
sensitivity study on the length of the time step δ. The simulation results show that, within a valid range, changing δ only has minor 
influence on the evacuation process. We can directly identify area with high density as bottleneck from dynamically changed density map 
even the relatively large time step is adopted. In addition, the commercial package AnyLogic was used to benchmark the performance of 
this model. The results show that the mesoscopic model discerns evacuation patterns in more details compared to the macroscopic models 
and with higher efficiently computational speed than the microscopic models. 
 
© 2017 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICFSFPE 2017. 
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1. Introduction 

Accidents, such as fires, earthquakes, toxic gas release and terror attacks always threaten human lives. Pedestrian 
movement modeling is very useful for assessing the safety and efficiency of a building. The existing movement models can 
be categorized as either macroscopic models or microscopic models. Macroscopic models treat the movement of pedestrian 
as fluid flow characterized by averaged quantities (e.g., mean velocity and density) [1].  

Generally, microscopic models can be divided into two categories: discrete structure and continuous structure models. As 
one of the representative continuous model, social force model considers that certain forces operate between pedestrians and 
between pedestrians and walls [2]. This model can successfully reproduce several typical collective phenomenon including 
clogging and lane formation [3]. The cellular automata (CA) model firstly proposed by John Von Neumann has been 
modified for simulating pedestrian movement [4-5]. Burstedde et al. [6] proposed two-dimensional CA model in which the 
interactions between the pedestrians are determined by a so-called floor field. In this model, Individual is allowed to move 
form center cell to its adjacent cells in four directions (i.e., north, east, south or west) driven by a probabilistic approach. 
Guo [7] modified the FF model by discretizing the room into smaller cells (i.e., 13.3 × 13.3 cm2) and considering the 
asymmetry interaction among pedestrians. Another modification to the floor field model is to change the floor field 
assignment. Wei [8] proposed a new scheme of building static floor field by introducing a virtual reference point. The 
results show that a proper arrangement of virtual reference point will get a high evacuation efficiency. 

Though macroscopic and microscopic models are widely used by researchers to investigate pedestrian movement, only 
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clogging and lane formation [3]. The cellular automata (CA) model firstly proposed by John Von Neumann has been 
modified for simulating pedestrian movement [4-5]. Burstedde et al. [6] proposed two-dimensional CA model in which the 
interactions between the pedestrians are determined by a so-called floor field. In this model, Individual is allowed to move 
form center cell to its adjacent cells in four directions (i.e., north, east, south or west) driven by a probabilistic approach. 
Guo [7] modified the FF model by discretizing the room into smaller cells (i.e., 13.3 × 13.3 cm2) and considering the 
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Abstract 
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Fig.1. Example of static floor field created through scheme developed by [9]. 

few works have been done for the mesoscopic evacuation model. Macroscopic models can quickly compute the evacuation 
time but cannot clearly identify bottleneck area. Microscopic models discern evacuation patterns in great detail. However, 
they also require huge computational resources and lengthy computational time, especially in mega building. The problems 
discussed above clearly indicate the necessity to develop an evacuation model that has fast computation and provides 
sufficient detail on the evacuation pattern for any bottleneck areas in mega-scale buildings. In this paper, a newly developed 
mesoscopic model is proposed in which space is discretized into larger size compared with traditional CA model. A grid 
based floor field scheme is developed to guide the evacuee density flowing between cells until reaching exit. We conducted 
a simulation to do the parameter analysis and to investigate the feasibility about this model. Commercial software (i.e., 
AnyLogic) is used to benchmark the performance of the mesoscopic model. 

The rest of this paper is organized as follows. In section 2, the extended floor field model and density flow algorithm are 
presented. The simulation results and discussion are given in section 3. Finally, in section 4, we present a brief summary of 
the findings and future work.  

2. Model description 

In our model the room is described by two-dimensional grids with larger size than traditional discrete model. The flood 
field method is extended from the microscopic scale into the mesoscopic scale. The movement of individual is replaced by 
pedestrian flow between cells. At each time step, the density is updated synchronously for all cells following the density 
flow algorithm described below. 

2.1. The extended static floor field model 

Fig.1 shows the floor field created through the method developed by [9] as example. Each cell is labelled with static field 
value to represent the distance from the cell to the nearest exit. In the mesoscopic model, it should be possible to enlarge the 
lattice grid away from exit to increase the calculation efficiency. The cell size equal to 0.4m×0.4m is called traditional cell 
(TC) and the cell has larger size called multiple cell (MC). A new parameter mN  is introduced in this model to represent 
the scaling factor for MC. mN  is calculated by area (MC)/area (TC). So a MC can be emptied or occupied by 1, 2, . . . , 

mN  pedestrians. We adopted the static floor field method in [9] and extended it into mesoscopic scale. The extended static 
floor field (SFF) assignment scheme is shown as follows. 

Step 1. Initially, the room is divided into foursquare cells with the size corresponding to 0.4m×0.4m. Let the SFF of door 
equal to 1 and the SFF of wall equal to 100 to ensure no pedestrian passing through the wall. 

Step 2. If a cell has value “M”, for its adjacent cells in vertical or horizontal direction, SFF is assigned to “M+1”. For the 
adjacent cells in diagonal direction, SFF has a value “M+1.5”. If there is an assignment conflict in different directions. This 
cell is assigned the minimum SFF among the all-possible values. The process is taken until all the TCs have their SFF value; 

Step 3. Floor field scheme in [9] is not applicable in MC. Therefore, the static floor field of MC value is the average field 
value of all the TCs contained in this MC. The process is repeated until all MCs are evaluated. 

2.2. Density flow algorithm 

In the CA model and its variants, each pedestrian moves to its neighboring cell determined by a probabilistic approach 
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(a)      (b)  

Fig. 2. The density of an origin cell is proposed to distributively flow into its neighboring cells with floor field values lower than that of the origin cell 
for (a) The density flow between traditional cells and (b) The density flow between traditional cell and multiple cell. 

calculated by floor field [10-12]. In the mesoscopic model, the probabilistic approach will be replaced by probability 
distribution. Fig. 2 (a) and Fig. 2 (b) show density flow between traditional cells and between traditional cell and multiple 
cell respectively. The density distributively flows from the origin cell to its neighboring cell with lower floor field. The 
probability distribution iq  is calculated in Eq. (1). 
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Where 0f  and jf  are the SFF of the origin cell and thj  adjacent cell respectively with iff 0 . The neighboring cell with 
the lowest SFF has the highest density flow probability. In the mesoscopic model, all pedestrians are assumed to walk at the 
identical speed into the target cells. The flow rates into the cells will not only depend on the distributions factor iq , but also 
on the densities of the target cells. If the density of a target cell is high, then the flow velocity into the target cell will be 
reduced. The correlation between the density and speed of the evacuees will be approximated by the Kladek formula [13] 
shown below 
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Where fv  is the free movement velocity and estimated into around 1m/s and v is the prevailing velocity for pedestrians. 
The maximum density max  is estimated to be 6.25 persons/m2 and the prevailing density is represented by ρ. The factor γ 
is calibrated to be 1.913 by [13]. It should be noted that the density flow not only depends on the velocity but on the 
possibility iq . In other words, the moving velocity from an origin cell to a target cell is high if the velocity inside the target 
cell is high. The moving velocity is also high if the difference between the SFF value of the origin cell and that of the target 
cell is high. The density of pedestrian flows both from the source cells to the origin cell and from the origin cell to the target 
cells. The approximated rate of density change of a cell can be calculated as is shown in Eq. (3). 
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Where id  and jd  are the length between source cells to the origin cell and from the origin cell to the target cells 
respectively. Therefore, the density of a cell at time t+Δt can be calculated from the Eq. (4). 
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Upon the completion of simulation by this density flow model, a dynamic density map will be obtained. Density map 
will dynamically change with time during a modelled evacuation. The map will assist the designer to realize the potentially 
congested areas at different times.  
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Upon the completion of simulation by this density flow model, a dynamic density map will be obtained. Density map 
will dynamically change with time during a modelled evacuation. The map will assist the designer to realize the potentially 
congested areas at different times.  
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Fig. 3. The room geometry and SFF distribution in the simulation scenario. 

3. Results and discussion 

In this section, we conduct the simulation on a typical scenario on evacuation from a square room with single exit. In the 
simulation, we focus on the investigation of the length of time step to find the optimal time step for simulation. We also 
present dynamic density map to show evacuation process and bottleneck area during evacuation. Commercial package 
AnyLogic was used to evaluate the model by simulating the same scenario. 

3.1. Simulation setting 

The simulation scenario is as follows. In the simulation, eighty pedestrians evacuate from a room with “length×width” of 
6.4m×6.4m and exit of 0.8 m are carried out. Unlike using traditional CA model to discrete space, we divide the room into 
Three-layer structure using discretization method in the mesoscopic model. As shown in Fig. 3, the sixteen cells near the 
exit are TCs, the second layer cells near these four cells are MCs with mN  equal to 4, and the third layer cells are MCs with 

mN  equal to 16. The reduction of the total number of cells greatly improves the calculation efficiency. The evacuation 
simulation procedure is as follows 

(1) Calculate the SFF of all cells and the distribution factor iq between them by Eq. (1). 
(2) Initially, pedestrians are randomly distributed in the room. The initial density for all cells is computed. 
(3) In the mesoscopic model, all evacuees are assumed to have the same velocity into a target cell. Calculate the walking 

speed into target cell using Eq. (2). 
(4) The density in all the cell is updated synchronously over time using Eq. (3) and Eq. (4). 
(5) Stop when the density in all the cells is less than 0.5/s person/m2 where S represents the area of the room (i.e. less 

than half person inside the room), otherwise go back to step (3) and (4). 

3.2. Sensitivity study of model parameter 

Firstly, let δ be the length of the time step Δt shown in Eq. (4). δ is set to be 0.01, 0.02, 0.05, 0.10, 0.20, 0.30 and 0.40s to 
investigate the influence towards evacuation process. We conducted 1000 times’ independent calculations in this scenario. 
The plots of evacuation time of pedestrians under 1000 times’ independent calculation for νf =1 m/s in different δ are shown 
in the Fig.4. With the increase of the length of time step δ, the average evacuation time decreases. The changes of δ only 
have slightly influence on the mean evacuation time. The result of δ= 0.4s does not be presented because when the δ is equal 
to 0.40s the density in some cell exceeds 6.25 person/m2. The main reason is that for large δ (δ=0.4s) too much density flow 
towards target cell making the target cell beyond its density capacity. With the finer discretization of the time step, the more 
precise evacuation pattern can be observed but the total irritation times significantly increase. In a word, the minor time 
interval can provide more details about evacuation pattern but it requires high computational demand and has a large 
variance. To the contrary, δ should be within the valid value otherwise major δ will lead to density in some cell exceeding 
its density capacity and get incorrect calculation result. For various δ, mean evacuation has higher value than median value  
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Fig. 4. Plots of evacuation time of pedestrians under 1000 times’ independent calculation for fv  =1 m/s at different δ.  

 

                              Fig. 5. The different evacuation stages. 

all the time. Mainly because in some cases, initially pedestrians are distributed away from exit which leads to high 
evacuation time than normal situation.  These extreme values boost the mean evacuation time. The differences between 
maximum and minimum mean evacuation time is less than 1 second in different δ. It can be seen the simulation results are 
not sensitive towards the change of δ. Therefore, in the next section, we only choose δ equal to 0.10 s to investigate the 
dynamic density map. 

3.3. The analysis of density map 

Instead of calculating the number of pedestrians and transforming them into density distribution as used in microscopic 
model, the mesoscopic model can directly get the dynamic density map over time. In the density map, various color 
intuitively reflects the density difference. As shown in Fig. 5, red color means density of pedestrians in the respective area is 
high, yellow color means density is middle and blue color means density in the local area is low. Evacuation process can be 
divided into 3 staged according to density map. In the beginning stage, as shown in Fig.5 (a) and (b), pedestrians are 
randomly distributed in the room and the density in the right side of the room is still relatively high (around 2 person/m2).  
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Fig. 6. The correlation between the number of pedestrians in the room and time conducted by the mesoscopic model and AnyLogic.  

At the second stage, as shown in Fig. 5 (c) to (g), then pedestrians flow towards the exit, which leads to the high-density 
region moving from far to near the exit. Meanwhile, clogging appears over the exit. With time increasing, the width of the 
clogging becomes smaller and cell near exit has higher density level and reaches its largest density later than those away 
from the exit. It should be noted that the density distribution is not equilibrium and high-density areas are concentrated on 
the top side. With time goes by, the difference is reduced and the whole density distribution is symmetry along the 
longitudinal direction. The main reason is that the high-density areas restrain the density flow towards them, which reflects 
the collision avoidance in real life. Finally, as shown in Fig. 5 (h) to (j), at the end of evacuation, almost all pedestrians 
leave the room leading to whole density map is close to zero. The dynamic density map can expressly present the 
evacuation process and the cells in red can be directly identified as bottleneck area. 

3.4. The comparison of simulation results and results of commercial software 

The simulation result is compared with result of AnyLogic, a simulation software used to simulate the pedestrian 
movement in a physical environment. Demonstration Scenario in AnyLogic is consistent with those in our model. The δ is 
set to be 0.1 s in Matlab and we record the number of pedestrians in the room every 1 s. Fig. 6 shows the correlation 
between the pedestrian number and time. The number of pedestrians in the room is reduced monotonously in both Matlab 
platform and AnyLogic. It shows that in the mesoscopic model, there is a smooth curve with a decreasing slope due to the 
lower density with time going by. In AnyLogic, there are some platforms in the curves reflects that the number of pedestrian 
in the room was not changed and no more pedestrian left the room during this 1 s. It is found that the curve refer to our code 
starts to decrease earlier and the evacuation time obtained by our model is less than that given by the AnyLogic in the same 
scenario, which reflects the mesoscopic model more sensitive towards the movement of pedestrians. This is because once 
the density in the target cell is less than the density capacity, the density will continuously flow towards it. 

4. Conclusions 

This paper presents a newly developed mesoscopic model to accelerate the calculation in evacuation simulation. We 
conducted numerical study in a typical scenario (i.e., evacuation from a square room with single exit) by discretizing the 
space into large cells and set δ into a set of values. The results show by reducing δ, the more precise evacuation pattern can 
be observed but the total computational times significantly increase leading to the large computational demand and calculate 
errors. On the contrary, the large δ value may lead to density of pedestrian in some cell over the density capacity and the 
wrong result is produced from the simulation. Within a valid range, the change of δ only has slightly influence on the mean 
evacuation time. Area with high density will be directly recognized as bottleneck area and the evacuation pattern can be 
presented by the dynamic density maps. This density flow algorithm skips the procedure of transferring from pedestrians to 
crowd density, which will considerably reduce the total calculation times. The density map presents symmetry distribution 
in the late stage of evacuation, which reflects the avoidance behavior in real life. We also found that in the same simulation 
scenario, pedestrian starts to leave the room earlier and the total evacuation time is shorter than in AnyLogic. It may due to 
the fact that the mesoscopic model is more sensitive towards the movement of pedestrians.  



620 Meng SHI et al. / Procedia Engineering 211 (2018) 614–620
Meng SHI et al. / Procedia Engineering 00 (2017) 000–000 

In the future, we will add the dynamic floor field to modify the mesoscopic model and applying it to more complex 
scenarios, such as room with obstacles and multiple exits.  
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