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Abstract 

The Louvre is an important architectural and artistic shrine in France, receiving nearly 
20,000 tourists from all over the world every day. In order to prevent accidents, we need 
to establish mathematical models to analyze the escape routes according to the actual 
situation. Firstly, the architectural structure and floor structure of the Louvre were 
analyzed, CA model was selected for simulation, the top view of the Louvre was 
regularized, and the location distribution of the four main gates and the range of 
activities were determined. The regularized image of the Louvre is divided into four 
parts corresponding to the four main gates. The total number of visitors and the total 
area ratio are each layer and each density. The number of people in each small area is 
calculated. According to the possible bottlenecks in the escape process (valuable art area 
and near the exit, etc.), as well as the radius of the crowd in the valuable art area, the 
numerical value was changed for simulation analysis. At the same time, we considered 
the influence of group conformity psychology and fear psychology on escape activities, 
the specific psychological analysis of the group, and the existence of the group's 
existence variables. Finally, this model can also be applied to other public places 
requiring safe evacuation. 
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1. Introduction 

Imagine that you are finishing your mood, choosing a suitable holiday, embracing a heart pursuing 

noble art, you come to the world-famous Louvre museum to appreciate the representative works of 

art masters .However a disaster suddenly strikes, and terrorists are about to surround and attack the 

whole Louvre museum. Can you get away with it? The Louvre was temporarily closed in 2017 after 

a suspected terrorist attack i n which a French soldier shot a suspicious man with a machete. It may 

be a false alarm, but as a tourist, ask yourself: how can I get out of the Louvre in the shortest time b 

y knowing the every emergency entrance to the floors? As one of the most famous museums in the 

world, it goes without saying that the Louvre's security system is secure.However, how to ensure the 

safety of most tourists in a more convenient, fast and wide range is still a problem we are very 

concerned ab out. At the same time, due to the large number of works of art, should we consider the 

extent of damage to the works of art when evacuating people? For the elderly, the sic k and the 

disabled, should we add special channels to ensure their safety? Here, we will establish a reasonable 

emergency evacuation model to create a safe and more reliable environment for people around the 

world who love art.  
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2. Methodology 

2.1 Our Work 

In order to enable tourists visiting the Louvre for the first time to evacuate safely in case of an 

emergency, our team established a crowd evacuation model based on the consideration of personnel, 

local environment and other factors. First of all, in order to facilitate our discussion on the internal 

structure of the Louvre and the application of our model, we roughly simplified the plane of the 

Louvre into the splicing of multiple regular rectangles, and put forward the relevant assumptions of 

the model we established and its application in section 2. After consulting a large number of relevant 

literature and taking the building structure of each floor of the Louvre as the basis, we divided the 

pyramid into various regular rectangular regions. In these regions, we used the CA model to simulate 

the evacuation of personnel in this region, observed the evacuation path of personnel and recorded 

the completion time of evacuation. At the end of the block-by-block analysis, the algorithm is used 

to calculate the simultaneous evacuation time of all areas, therefore as to conduct a research and 

discussion on the Louvre as a whole.  

 

Figure. 1 The flows chat in this paper 

2.2 Nomenclatures 

Tab.1.The factors involved in the model 
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2.3 CA Model 

We use the collection of several 0.5m*0.5m cells to form an area, that is, to divide the layout of 

buildings equally. Each cell grid can be set as different objects: buildings, obstacles, old, sick and 

disabled tourists, evacuees and soon.[2]According to our hypothesis, we divide the tourists into the 

individuals with normal physical function and resin standard, and the individuals with abnormal 

indicators (the elderly, children, the disabled, pregnant women, etc.).It is assumed that the rest of the 

people in each market can walk one grid and can only walk in the prescribed eight directions. If the 

average walking speed of the people is assumed to be 1m/s, then the unit walking time of one segment 

can be calculated to be 0.5s.And each person's movement direction can only be as shown in the eight 

directions. 

 

Figure.2 Directions and symbol of cellular 

When multiple people select the same grid as their moving target, the choice is made by comparing 

their competitive abilities. The strongest competitive power can move to its target grid smoothly, 

while the others choose the sub-optimal grid within their own neighborhood as the moving 

target.When the competitive power is the same, one of the individuals is randomly selected to move 

to the target grid with the same probability, while the others choose the sub-optimal grid within their 

own neighborhood as the moving target. Since we assume that all tourists come to the Louvre for the 

first time, they have no knowledge of the Louvre. P (i, j) is introduced here as the probability of 

attraction of grid N (i, j), [3]  

                          (1) 

When we meet the assumptions that we make 

                              (2) 

Under the only precondition of evacuation exit, the probability of location attraction Pdis(i, j) is 

determined according to the distance between each grid and evacuation exit,.  

The calculation formula is as follows: 
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2.4 Group Psychology (GP) 

Usually, the majority is right. Majority rule is generally good. But lack of analysis,do not make 

independent thinking. It is not advisable to follow the majority regardless of right and wrong, and it 

is a negative "blind herd mentality". The Louvre has a large daily population flow, we can not ignore 

the role of herd mentality when danger occurs. So we have to move each step of the individual should 

according to the first view within the scope of the movement direction of the all staff to calculate their 

possible direction of eight appeal of probability, and then with the position of three eight 

neighborhood attractive probability weighted summation, on this basis to find out the grid's biggest 

attraction probability grid as the next step of moving targets. At the same time, the direction of the 
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individual's movement will be recorded and used to calculate the probability of the other individual's 

directional attraction in the next step. We assume that due to the herd mentality, individuals will make 

judgments according to each individual in the field of vision, and the formula for calculating the 

probability of attraction within a certain range can be obtained as： 
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Ndir(k) is the total number of people moving in k direction within a certain visual field, k =(1... 8)； 

2.5 Area estimation method 

When calculating the effective area of the building to be analyzed, we first carry out planning 

treatment for the building itself, calculate the area ratio of each area and get the weight, and then 

multiply the tourists' escape time with the weight. Then analyze the extra time accumulation caused 

by some special circumstances: for example, the time accumulation of valuable works of art.  

The calculation formula is as follows: 
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3. Results and discussion 

3.1 Analysis of the structure of the Louvre 

According to the information, the Louvre has four accessible doors, which are The Pyramid entrance, 

the Passage Richelieu entrance, the Carrousel du Louvre entrance, and the Portes Des Lions entrance . 

The pyramid entrance is located on the 0th floor, and the movable interval is from -2th to 0th floor. 

The Carrousel du Louvre entrance, and the Portes Des Lions entrance are located on the 0th floor and 

can be moved from -2 to 2 floors. the Passage Richelieu entrance is located on the -2 floor and can 

be moved from the -2 floor to the 2 floor. We stipulate that when people are in the activity area of 

any gate, they can evacuate and escape through this gate. 

 

Figure.4 The real structure of Louvre 
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In order to make the simulation of the model more representative, we simplified the Louvre museum 

into a regular rectangle splicing graphics, combined with the collection of different exhibits on each 

floor to analyze the density of population, and then optimized the evacuation route of people in each. 

 

Figure.5 The regularization of Louvre 

The structure of each floor of the Louvre can be roughly divided into three types: the first type is 

negative second floor. Most visitors go downstairs from the pyramid gate to the service hall on the 

second floor, which is shaped like a diamond; The second type is the zero layer, the general structure 

of this layer is not relatively symmetrical; The third type is the first and second floors, which are more 

symmetrical than the first. 

3.2 Validation 

First-order simulation 

 

Figure.6 Classification process 

Taking the area A of the Louvre as an example, we specify the area parameter as 320m*35m when 

consulting the data. Assuming that the density of personnel on each floor of the Louvre equals 0.0375 

per/m2(Population density is determined by the number of visitors per year, daily opening hours and 



 

 

179 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 6 Issue 5, 2020 

DOI: 10.6919/ICJE.202005_6(5).0027 

average length of stay). It can be obtained that the number of people escaping in this area is 

approximately 400.We use N stands for the population, T stands for time. The simulation is as the 

Fig.7. 

 

Figure.7 A simulation of a region 

According to the simulation results, under this parameter, the escape time needs 338s. By this analogy, 

the escape time of other areas can be obtained as shown in the Tab.2:  

Table.2 Evacuation time 

 

Second order simulation 

 

Figure.8 Direction labeling 
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On the basis of the first level simulation, we continue to analyze the structural characteristics of the 

Louvre, we spread C area personnel to the two wings, and then simulated, such as the first level in 

the area such as layer 1 C personnel in B area scattered time of 910 s, in time of 1398 s, D area and 

so on, and the other floor C area of the simulation. 

Third order simulation 

 

Figure.9 Cultural relics annotation 

On the basis of the second level simulation, we marked out the placement of key cultural relics on 

each floor. We defined a circle with a radius of 6m centered on cultural relics. After consulting the 

data, we assumed that the staff density in this circle was 0.08per. Assuming that the time for tourists 

to pass the stairs is 120s, the final evacuation time of each floor is as the Tab.3: 

Table.3 Time to escape 

 

3.3 Pathfinder simulation 

After the model simulation was completed and the escape time was obtained, path finder software 

was used to simulate and verify the data. Set to 8.1 million the number of visitors each year, the 

Louvre museum is as 810/365 = total of 22191 people every day, every day the opening time of the 

Louvre is 9:30 ~ 18:30, a total of 9 hours, the average residence time for 3 hours, finally it is concluded 

that the Louvre the number of a total of about 7920 people per hour, and remove the negative surprise 

the other floors at 1200 on the second floor, can probably get a negative number is 720 on the second 

floor. 
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Figure.10.The process of simulation 

 

Figure.11 The result of simulation 

Because the pathfinder software cannot account for the effects of crowd behavior,the simulated time 

is less than the actual time. 

3.4 Bottlenecks 

3.4.1 Exit  

Export boundary effect: pedestrian evacuation at the exit boundaries need body rotation Angle moves 

to the exit, but when the pedestrians to move to safe evacuation exit, evacuate pedestrians need to be 

perpendicular to the exit lateral direction, and in exports on both sides of the pedestrians need nearly 

90 ° turned to escape, here is a bottleneck.  

Line of sight influence of evacuation crowd: due to the obstruction of line of sight, it is not easy for 

pedestrians at the evacuation exit to make a correct judgment of escape, and they can only make a 

judgment based on the movement track of pedestrians within the range of their vision, which is an 

objective manifestation of conformity psychology. 

3.4.2 Valuable art department 

The valuable art department usually has a large crowd of onlookers. When an emergency happens, it 

is often the most difficult area to evacuate. Therefore, we can use cellular automata model to simulate 

the region of valuable artworks separately.[4] 
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Figure.12 The crows around the Mona Lisa 

3.4.3 Hazards 

The research shows that the location of hazard source has great influence on the route and form of 

evacuation. With its high research value and close to 20,000 visitors a day, the Louvre is a likely 

flashpoint for riots or terrorist attacks. In most cases, the greater the influence scope of hazard source, 

the lower the evacuation efficiency. The location, form and cause of pedestrian congestion are closely 

related to the location distribution and influence of hazard sources. In addition, with the increase of 

the radius of the hazard source located in the center of the passage, the required evacuation time will 

show a linear increase trend.[5] 

 

Figure.13 Hazard radius 

With the increase of the radius R of the hazard source, the width of the upper and lower passageways 

gradually becomes smaller and completely blocked. Pedestrians fleeing from the hazard source and 

those fleeing from the normal area will crowd together, which greatly affects the efficiency of 

evacuation. Therefore, the greater the hazard radius R is, the lower the evacuation efficiency will be. 

3.5 Instructions of the remaining exits and entrances 

Plan 1: No matter what disaster happens and what kind of hazard is generated, there is a golden rescue 

time for rescue activities, such as 72 hours for earthquake and 4 minutes for fire rescue. When the 

evacuation time of tourists exceeds the golden time, we choose to open part of other exits for 

personnel evacuation. We combine the open number of other exits with the golden rescue time of 

various disasters, and once again use CA model for time simulation, and use the model to 

automatically find the optimal evacuation plan, (N= 0,1,2... ), the location of the other exits is assumed 
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to be equally distributed within the Louvre. Assuming the disaster is a fire, when N=3, people can be 

evacuated as soon as possible; when the disaster is a man-made disaster such as terrorist attack, when 

N=5, people can be evacuated as soon as possible.  

Plan 2: Considering the low safety factor of other exits, we do not open them to the public to let them 

escape. We have chosen to open these exits to facilitate emergency workers. Temporary shelters can 

be established in open areas near the exit for rest and treatment by emergency workers. Under the 

premise of this kind of application, we hope that in the event of a major accident for escape, can be 

the first time to open the emergency workers quickly into the scene for rescue. 

3.6 Other applications of the model 

We designed a connected supermarket model composed of 40m*60m rectangle and a 20m*20m 

rectangle for model simulation, to prove that our model is extensive and can be better applied to other 

environments, as shown in the Fig.14: 

 

Figure.14 The regularization of supermarket  

Combining the parameters of the whole supermarket, we applied the supermarket scene to our model 

for simulation, and obtained the evacuation time as the Fig.15: 

 

Figure.15 Simulate escape time 

Then, To verify the accuracy of the results, we carried out Combined with the parameters of the whole 

supermarket, we carried out Pathfinder simulation on it, and obtained the relationship diagram 

between time and crowd density as follows： 
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Figure.16 Flow rates for selected doors 

According to our model simulation and simulation results of Pathfinder, we can analyze and conclude 

that this model can be roughly applied to other large and crowded structures with strong universal 

adaptation. 

4. Conclusion 

As for how to quickly escape from the Louvre in case of emergency, we regularized the top view of 

the Louvre, and focused on analyzing the location distribution of its four main gates and the activities 

that can be carried out, using CA model to simulate. The population density was used to calculate the 

total number of people in the region, the actual simulation was carried out, and the bottleneck effect 

in the escape process was considered. Moreover, we took into account the psychology of group 

conformity and fear in the practical application of the model, optimized the model and applied it to 

other escape scenarios. 
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