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Research on Simulation Model of Personnel Evacuation Considering Earthquake Scenario and Guidance


Abstract：In recent years, with the acceleration of international urbanization, there are more and more crowded places. People gather in these places, the space density is relatively large, and the indoor and outdoor space layout is relatively compact. Once an emergency occurs, it is easy to cause accidents such as accumulation of people and stampede. Earthquake disasters are common disasters that are difficult to predict, occur rapidly and have great destructive power. Short escape time is the main feature of earthquakes, and earthquake disasters occur frequently, causing very serious casualties and property losses all over the world. In this paper, a multi-exit cellular automata evacuation model considering the falling objects is established according to the problem of falling objects that may be caused by earthquake disasters. The model introduces the concept of "area of ​​influence of falling objects". The strong and weak impact areas of falling objects reflect the panic of pedestrians, maintain a safe distance from falling objects, and change the behavior of selected evacuation exits or detours, and compare with the classical cellular automata model. The influence of the size of the area affected by the falling object and the position of the falling object on the evacuation completion time under different initial pedestrian densities was quantitatively analyzed. Aiming at the problems of confusion and blindness that may occur in the evacuation process, this paper, based on previous scholars' research on guiding signs and the familiarity of personnel with the environment, summarizes the layout of guiding signs, the number of guiding signs, the scope of action of guiding signs, and the recognizability of guiding signs as guiding signs. Based on the idea of ​​control variables, simulation experiments were carried out to study the effect of guidance effectiveness on personnel evacuation. The simulation results show that the greater the safety distance between pedestrians and falling objects, the longer the evacuation time is, but maintaining a small safety distance can also achieve the purpose of safe and rapid evacuation. Falling objects in the vicinity of the exit will greatly prolong the evacuation time.  When the crowd density is high, the size of the area affected by the falling object has little effect on crowd evacuation. Among the three guiding sign layouts selected in this paper, layout 3 has the highest evacuation efficiency; under the same guiding sign layout, the evacuation efficiency of personnel increases with the increase of the number of guiding signs and the scope of action of the guiding signs. Under the same working conditions, the higher the identifiability of guidance signs, the higher the evacuation efficiency.
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[bookmark: _Toc113449360]1 Introduction
[bookmark: _Toc113449361]1.1 Research Background
With the development of the world economy and society and the acceleration of urbanization, the density of people in cities is relatively large and the types are very complex. The conditions of clothing, food, housing and transportation have been significantly improved. The phenomenon of gathering is more and more common, which puts forward higher requirements for the safety level of urban public places. The rapid increase of population in cities has spawned more and more large-scale public buildings, which can be roughly divided into two categories: transportation hubs and large-scale activity venues. Traffic station hubs include railway stations, subway stations, bus stations, airports and other traffic stations. These places are characterized by large flow of people, complex types of people, and concentrated gathering time of people, which are easily affected by external environments such as traffic delays. Large-scale event venues include large shopping malls, office buildings, supermarkets, large gymnasiums, procurement markets, etc. These venues are characterized by high crowd density, uneven age of personnel, inconsistent movement directions of personnel, and the venue is usually semi-closed or closed. The structure of large public buildings is relatively complex, which can be reflected in the fact that there are many exits, directional signs are staggered, objects are easy to accumulate in the venue, and pedestrians are usually less familiar with the environment of such venues. Considering that various interactive behaviors that are not conducive to evacuation may occur between different individuals in emergencies, such as: pushing, panic, rushing, retrograde, etc., it is undoubtedly difficult to realize the safe evacuation of personnel in such places.
The common features of these public places are that they all have a high density of people, and the types of people in the places are complex, usually including multiple age groups. Stampede and other accidents, and it is difficult for pedestrians to evacuate quickly and safely due to the complexity of the environment in the venue. This not only affects evacuation capabilities. Once an accident occurs, the misfortune involving multiple families will also arouse widespread concern in society. The problem of personnel evacuation is a work that requires theoretical support, professional guidance and public cooperation. Although more and more schools, enterprises and other densely populated places will organize some emergency drills when emergencies such as fires and earthquakes occur, these most of the drills lack pre-judgment and post-assessment evaluation for the success and failure of the emergency evacuation process. Accidents are close at hand, and evacuation time is extremely precious. In the face of a sudden accident, the emergency evacuation process in a confined space is closely related to the survival of the people inside, and every second that can be fought may save people's lives. Effectively improving the emergency evacuation efficiency of personnel in confined spaces under earthquake conditions and reducing casualties during emergencies have become the focus in the field of disaster reduction. Therefore, it has certain theoretical value to study the evacuation ability of representative public buildings. It is particularly important to carry out appropriate simulations for accidents, formulate reasonable evacuation strategies, and prevent unfavorable phenomena during accidents.
[bookmark: _Toc113449362]1.2 Research goals and significance
At present, more and more scholars pay attention to the theory of crowd evacuation and the simulation of evacuation under various conditions, and to master the characteristics of crowd flow in crowded places and the law of influence of the spatial layout of crowded places in detail, so as to better plan, organize and manage emergency situations. Crowd evacuation behavior. The purpose of the evacuation problem for researchers is to set up the movement parameters of pedestrians, establish corresponding mathematical models, obtain feasible solutions through analysis, and use these solutions to carry out building layout, infrastructure planning and design, safety management, and practical research on pedestrian evacuation theory. And the prevention of various derivative accidents has guiding significance. By simulating and analyzing the characteristics of disasters and the evacuation process of people in specific scenarios, and finding out the problems and causes of emergency evacuation of people, it can provide a certain reference for strengthening the comprehensive design of buildings. It is of great significance to improve the evacuation efficiency by optimizing the evacuation strategy. It is of great significance to guide the evacuation decision of people in the scene, reduce casualties in accidents, and ensure the safety of people's evacuation. It can also be used for daily safety management and emergency evacuation management of building scenes.  References are provided.
For earthquake disasters, domestic and foreign scholars mostly focus their research on building structures, more on the seismic performance of buildings, and less on the evacuation of people in buildings and earthquake personnel. On the other hand, in the evacuation of people in various emergency situations, researchers have done more research on the evacuation of fire personnel.
This paper mainly takes the earthquake disaster as the research scenario. As an unavoidable geological disaster, the earthquake occurs quickly, lasts for a short time, and has a large impact range. Such disasters are usually difficult to simulate. The evacuation drills of some schools and enterprises are often mere formalities, propaganda is greater than practice, and the summary and improvement after the drills are often not in place. The simulation model is used to simulate key phenomena, so that the phenomena can be observed more clearly. It is easy to summarize and can provide reference suggestions for the evacuation process and preventive management. The psychological changes of pedestrians to environmental changes cannot be ignored in the process of evacuation, including different movement speeds and modes, which have reference significance for restoring the real evacuation scene and studying the evacuation model of onlookers.  The phenomenon of panic and blind evacuation during evacuation will seriously affect the evacuation efficiency. Almost all countries have requirements for the installation of evacuation signs in public places.  The simulation study of guidance signs can provide reference for the layout, quantity and other factors of evacuation guidance signs in a realistic sense, so as to maximize the effectiveness and efficiency of guidance.
After a public safety accident occurs, how to efficiently and safely evacuate personnel to a safe area is a key link for the successful evacuation of personnel and the reduction of mass deaths and injuries. Many public places tend to limit the flow of people to control congestion and avoid major public safety accidents such as stampede, but it is often difficult to control. To prevent public safety accidents, it is necessary to solve the problem in essence, such as optimizing the structural design of buildings to avoid congestion at exits and other positions, rationally designing guiding signs to enable personnel to find evacuation exits more quickly, and human intervention in the evacuation process. Develop a good evacuation plan, etc. All these require scholars to conduct further research in related fields, and then develop a scientific and effective knowledge system for preventing and controlling personnel safety accidents. In order to avoid panic in the evacuation process and keep the evacuation process in a certain order, this paper also establishes a related study on the effectiveness of guidance in the evacuation process, and comprehensively explores how to improve the evacuation efficiency and ensure evacuation safety.
[bookmark: _Toc113449363]1.3 Thesis Structure
This study consists of 6 chapters, respectively 1. Introduction (explaining the research background and significance), 2. Literature review (summarizing and classifying relevant research status in China and around the world), 3. Research methods and applicability considerations ( select appropriate research methods, and compare different methods to discuss their feasibility, advantages and disadvantages), 4. Personnel evacuation model considering earthquake falling objects (analyzed in combination with realistic influencing factors), 5. Guidance on personnel evacuation simulation model research (for the problem of guiding signs in the evacuation process is discussed and analyzed), and 6. Conclusion (summarize and discuss the research results of the article, and draw rationalization suggestions) to elaborate and study the evacuation problem of personnel.



[bookmark: _Toc113449364]2 Literature Review
[bookmark: _Toc113449365]2.1 Introduction
As a branch of security research, evacuation has received more and more attention in recent years. In terms of urban development, through the rapid development in recent decades, China's urban coverage is getting higher and higher. There are a large number of high-rise buildings and a small number of super high-rise buildings in cities. Due to the complexity of evacuation of high-rise buildings, more and more stampedes have occurred and caused serious consequences. Public places have a very high crowd density, so emergency evacuation in high-rise buildings will increase the force between people, not only for evacuation in emergencies, but also for daily crowd flow control.
[bookmark: _Toc113449366]2.2 Research questions in the field of personnel evacuation
The study of personnel evacuation is the reasoning and evaluation process of personnel evacuation response behavior based on risk prediction and comprehensive evaluation of evacuation conditions [1], and optimized design or strategy formulation is carried out according to the process. It involves many issues, including scene space structure, disaster background, human psychology and behavior, matter-element distribution information, change and evolution mode, etc. The research methods can be roughly divided into two categories: evacuation experiment simulation and computer simulation experiment simulation. The real-life simulation experiment process is more realistic, and more evacuation details can be observed from it, but the evacuation process needs to be recorded in an all-round way, which has higher requirements for the experimental process and higher experimental costs. Therefore, there are relatively few studies related to the real-life simulation experiment. With the development of artificial intelligence and big data Internet technology, various simulation software, systems and related models have been produced. This method analyzes the entire evacuation process by simulating the establishment of evacuation scenarios and disaster spread methods, collecting monitoring data, exploring scenarios and various reactions that people may have and their influencing factors, and finally aiming at the rapid and safe evacuation of personnel. The strategy provides a sound scientific basis.
[bookmark: _Toc113449367]2.3 Model Classification of Personnel Evacuation
Generally speaking, the simulation research of personnel evacuation can be divided into two categories: macroscopic simulation and onlooker simulation. The crowd evacuation simulation application software includes STEPS, Netlogo, Legion, NOMAD, Path Finder, etc. [2]. Macro-simulation tends to treat the flow of people and vehicles as a whole, and highlights its overall characteristics. Simulations performed in large-scale scenarios can usually be a city, a region, or a community. This type of model generally considers the evacuation situation from the macro level and management perspective, analyzes the risk factors and the overall path planning of the personnel in combination with the road network and the flow of people, so as to formulate correct and efficient evacuation strategies.
Henderson proposed a fluid mechanics model, which simulates the crowd as a fluid flow and diffuses according to the law of density, which provides great inspiration for subsequent research [3]. Sun uses the Large Eddy Simulation (LES) code Fire Dynamics Simulator (FDS), combined with the evacuation module EVAC to simulate emergency exits under electrical cabinet fire scenarios, to model fire and smoke propagation in MCRs for nuclear application fire and  The advancement of evacuation CFD modeling has taken an important step [4].  Qiu Kaifu modeled the traffic system based on the dynamic traffic flow, designed reasonable efficiency measurement parameters, and proposed an evacuation strategy according to the shock waves and evacuation waves existing in the traffic [5].  Hughes simulated and verified the pedestrian flow model in two-dimensional space based on the continuum theory through an example [6]. Sun Yuepeng's comparison and analysis of the dynamic evolution process of pedestrian flow aggregation and its local aggregation area distribution in different multi-directional flow scenarios can help managers to protect and divert road sections in major scenarios [7]. Liang developed the Eikonal equation to explicitly consider the impact of individual collective decision-making and crowd pressure on pedestrian dynamics [8]. Using partial differential equations to simulate crowd movement, the results show that the estimation of crowd pressure can be used as a risk level indicator for crowd management and control. Badveeti built a pedestrian safety index model using SPSS software and tested it on a dataset of different locations in Srinagar [9].  Ye introduced dyad social groups into the experiments, observed and classified different collision avoidance strategies of dyads, simulating one-way and two-way pedestrian flows that are closer to real life [10]. Liu Fei established a method system to solve the problems of flood control evacuation path planning and emergency evacuation planning based on the research of traffic volume distribution model, evacuation path planning theory, and evacuation network migration parameter evaluation method [11].
The principle of the macroscopic evacuation model is simple, the calculation is efficient, and it can reflect the movement of the area systematically. However, the individual behavior cannot be expressed vividly, and calculation errors will occur in some specific scenarios. The evacuation simulation effect used in complex scenarios and complex mechanisms is not ideal.
   Micro evacuation is more focused on starting from small scenes, such as rooms, corridors, subway stations, and so on. Emphasis is placed on individual characteristics and the connections between individuals and groups. The micro-model can analyze a certain behavior or psychology of an individual or group to explore the influence of a certain factor on the evacuation process, and it can also analyze the influence of a certain mechanism and parameter on the evacuation process. And safety accident prevention is of great significance, and also provides a reference for the enrichment and development of macro-intelligent evacuation systems.
   Common crowd evacuation models include cellular automata model, social force model, lattice gas model, and agent-based combination model.
[bookmark: _Toc113449368]2.3.1 Cellular Automata Model
The cellular automata model was first proposed by the scientist Von Neumann, but it did not attract great attention at the time. In 1970, J.H.Conway of the University of Cambridge designed a computer game - "The Game of Life". It is a cellular automata model with the ability to generate dynamic patterns and dynamic structures, which has attracted the interest of many scientists and promoted the rapid development of cellular automata research. After that, S.Wolfram conducted a detailed and in-depth study of all the models generated by the 256 rules of elementary cellular automata. He also used entropy to describe its evolutionary behavior, and divided cellular automata into four categories: stationary, periodic, chaotic, and complex. In recent years, with the progress of complexity research, as an effective tool to explore complex systems, cellular automata have been deeply studied and widely used. It is a dynamic system that is discrete in time and space, each variable only takes a finite number of states, and the rules of its state change are local in time and space. The cellular automata model in the personnel evacuation model generally uses a two-dimensional model, which is divided into two-dimensional grid shapes, and each grid point is called a cell, which is also a basic unit. A step has a specific state. A complete cellular automata model generally consists of: cells, neighborhoods, cellular spaces and their update criteria [12]. A cell usually represents a unit such as a pedestrian, vehicle or obstacle, and evacuation simulation is performed by gridding the space and adding motion rules.  Neighborhood represents the range that a cell will have an influence on nearby cells at the next moment. Under the same cell space and rules, usually only one kind of neighborhood is used. The most commonly used cell neighborhoods are: VonNeumann Neighborhood, Moore Neighborhood, Extended Moore Neighborhood, etc. The extension of the cell in each dimension is controlled by setting boundary conditions on the cell space.
The state update rule of the cell is also called the state transition function of the cell, and different update rules will make the model vary widely. The update rule includes the state of the cell and its neighboring cells at time t and time t+1, etc., and reflects the model situation according to the actual rules of the function.
[image: ]
(a)VonNeumann neighborhood (b) Moore neighborhood (c) Extended Moore neighborhood
Figure 2-1 Cellular automata neighborhood types
Cellular automata have the following characteristics: 1. Discreteness: The space, time and state of cellular automata are discrete.
   2. Homogeneity: Each cell in the cell space may have the same set of states, and the rules that determine the state changes of each cell are also the same.
   3. Parallelism: Each cell in the cell space changes synchronously according to the state update rule, which is especially suitable for parallel computing, and the state changes of each cell are independent behaviors without any influence on each other.
   4. Locality: The state of a cell at time t+1 is determined by the state of the cell in the neighborhood of radius r at the current time t. Therefore, there is locality in time and space.
   5. High dimensionality: Cellular automata is a kind of infinite-dimensional dynamical system.
   At present, cellular automata have been widely used in various fields of society, economy, military and natural science. Cellular automata has both advantages and disadvantages. It is widely used, efficient and flexible, and its expression is simple and intuitive. The discretized thinking simplifies many complex problems and allows the reconstruction of model update rules according to different needs. However, the cells in the model are regularly arranged and the shape of the cells is relatively simple. In some actual situations, it is difficult to simulate and express. In a system, the update influencing factors are only affected by the limited factors of the neighboring cells. In large-scale simulation  There are still some deficiencies in the application.
[bookmark: _Toc113449369]2.3.2 Social Force Model
The social force model was first proposed by Helbing et al. This model simulates the evacuation process more realistically based on Newton's second law and the principles of fluid dynamics, and restores the phenomenon of crowded arches and "fast is slow".  Helbing believes that the evacuation process can be well combined with the physical force, linking the pedestrian's walking behavior, physiological and psychological factors, environmental factors and the force of Newtonian mechanics [13]. Its most basic social force consists of the following three forces: (1) Self-driving force. This kind of force is generated because the pedestrian is attracted by the target, and is controlled by the pedestrian's own subjective consciousness.
   (2) The force between pedestrians and pedestrians. Due to the different social nature of people and the interaction between people, the interaction force between different pedestrians.
   (3) The force between the pedestrian and the obstacle. Due to the limitation of spatial extent, pedestrian actions are affected by the forces of spatial boundaries and obstacles.
   When modeling, researchers can add frictional force, inertial force and other forces according to their own needs, and determine the movement direction and speed of personnel through the resultant force. Because the model can observe many microscopic phenomena and the simulation effect is good, it has been widely used in recent years, and a large number of people have begun to carry out related improvement research on the social force model, and have achieved certain breakthroughs.
Yang established a Fisk stochastic user equilibrium model considering congestion factors to assist evacuation path planning, avoid bottleneck areas and dangerous situations in advance, and verified the social force model and the minimum cost model [14]. Based on different force models, Zhou simulated the evacuation situation of the subway station, in which the crowds were divided into three types of pedestrians with different movement patterns: pedestrians with luggage, ordinary pedestrians and panic pedestrians, and put forward instructive evacuation countermeasures [15]. Sun proposes a crowd evacuation method based on density navigation algorithm, which guides the target selection in the process of crowd movement by calculating the density factor and distance factor, combines the density evacuation algorithm with the social force model (SFM), and adopts a two-layer mechanism for crowd control.  Evacuation Simulation [16]. Lin Jincheng modeled pedestrians from the aspects of pedestrian characteristics and pedestrian roles, and calculated the evacuation efficiency and exit utilization rate of the crowd under the four simulation models.  Export utilization [17]. By analyzing the horizontal influence range of service facilities, Wang Xi divided the passage into different areas, and introduced viscous force to describe the influence of service facilities on passage traffic, and improved the social force model accordingly [18]. Du Caixiao introduced the evacuation characteristic time under ideal conditions, observed the evacuation process of the binary mixed crowd from a microscopic perspective, proposed an evacuation strategy with separate large and small individuals, and verified the effectiveness of the strategy through simulation [19]. Liu established a crowd evacuation social force model during terrorist attacks to study the crowd evacuation process when public safety incidents occurred. The model divides people into two groups - terrorists and pedestrians, which provides a reference for developing effective evacuation plans to reduce casualties in terrorist attacks [20]. Starting from the social force model, Zhou introduced the concepts of external leaders and internal panic to improve the model, making the model more suitable for emergency evacuation scenarios with limited vision [21].
[bookmark: _Toc113449370]2.3.3 Lattice Gas Model
The Lattice Gas Model is a special cellular automata model popularized by Fredkin, Toffoli and Wolfarm in the 1980s. In the lattice gas model, each pedestrian is treated as an active particle in the cellular lattice. These models are often used to study the characteristics of large groups of people with the help of probabilistic and statistical methods. This model is also known as a partial random walk model. The advantage of the model is that the calculation efficiency is very high. To a certain extent, it can not only reflect the macroscopic characteristics of pedestrians, but also show some microscopic physical phenomena in the pedestrian flow. The lattice gas model has become an important model for the study of pedestrian flow by virtue of its simple model, easy programming, and suitability for large-scale computing. Moreover, it can simulate many nonlinear physical phenomena such as self-organization and herd following in many pedestrian traffic flows.
   Wang Zongzhi proposed a modular lattice gas model based on dynamic parameters, modeled the Nankou Station of Huixin West Street of the Beijing Subway, and compared the situation of the field shooting video data with the simulation results to ensure better accuracy [22]. Fei Jingtai proposed a new maximum velocity extended lattice gas model. On the basis of the original model, a parallel update rule was introduced, and pedestrians could move multiple lattices in one simulation time step [23]. Y.Z proposes an improved Real Coded Lattice Gas (RLG) model that introduces a floor field, which can accurately describe the motion of pedestrians [24]. On the basis of the random deviation lattice gas model considering the pedestrian's field of vision, Li Minghua introduced the pedestrian's moving preference characteristics of the open area ahead, and proposed an improved lattice gas model to simulate the opposite pedestrian flow in the channel [25].  Wang Jun proposed a lattice gas model that considers both walking preference and position exchange, and for the pedestrian conflict avoidance problem, a multi-lattice opposing pedestrian flow model that considers pedestrians turning from multiple angles [26].
[bookmark: _Toc113449371]2.3.4 Agent-Based Model
The concept of Agent was proposed in 1986, also known as agent. AGENT-based models are characterized by autonomous, interactive individuals with unique computing resources and decision-making rules. The agent has autonomy and certain intelligence, and will take corresponding measures according to different situations. Different pedestrians obtain corresponding information from the agent and its surrounding environment, and there are various ways of information interaction between individuals, which are both independent and interactive.
   Shi Jiajie designed the algorithm framework for pedestrian flow control in subway stations based on machine learning. Using Agent technology to build a simulation model of pedestrian flow management and control in subway stations to achieve real-time optimal management and control [27]. In response to the problem of ship evacuation, Zhu Chenghua constructed a personnel agent model for ship evacuation by combining the ellipse perception module that simulates the human visual mode, the path planning module of the A* algorithm, and the motion module of the improved social force model.  Simulation of the evacuation of people in rooms and passenger ships [28]. Using computer simulation technology, Wang established an evacuation micro-simulation model for the elderly and nursing staff, taking into account the psychological characteristics of the elderly and nursing staff during the fire evacuation process and the influence of evacuation behavior on fire escape [29]. Bao extends a previously developed agent-based model that considers the agent's steering behavior by adding a procedure for generating feasible evacuation routes based on the concept of visible areas and accessible nodes and a deterministic approach based on estimating evacuation times [30]. Wang. F established a simulation model based on Agent and Pathfinder to simulate the evacuation of three subway space types, platform, station hall and stairs, which can provide constructive suggestions for subway space design and fire protection scheme [31]. Yang Hanshen proposed a three-dimensional roadway personnel evacuation simulation method based on the agent model, designed the system architecture, class topology relationship, etc., and conducted an example simulation analysis of the personnel evacuation process in the three-dimensional roadway [32].

Table 2-1 Comparison of advantages and disadvantages of different evacuation models
	Evacuation Model
	Advantage
	Shortcoming

	fluid mechanics
	The pedestrian's advance is regarded as the flow of fluid, which is discrete in time and space
	Unable to simulate the interaction between people

	cellular automata
	It is easy to simulate the whole evacuation process and the movement process of personnel
	Simple rules of motion, unable to simulate complex human behavior

	social force model
	Describe the different forces received by personnel during evacuation, which can imitate human behavior
	Complex calculation process

	Lattice gas model
	It integrates the advantages of cellular automata and fluid mechanics
	The disaster in the simulation process cannot be simulated

	
Agent model
	Overcome the limitations of human-computer interaction, and can simulate a variety of evacuation processes
	There is a certain complexity




[bookmark: _Toc113449372]2.4 Research status of cellular automata in the field of evacuation
[bookmark: _Toc113449373]2.4.1 Improvement based on cellular automata model itself
Jiang Lan took a certain area of an airport terminal as a scene to establish a computer simulation model of the behavior decision-making of personnel in the evacuation process. And the concept of "noise" is introduced to rank the competitiveness of evacuees, which solves the problem of decision-making conflict of evacuees [33]. On the basis of the traditional model, Zhang XinLong divides the space into smaller grids, so that a single pedestrian occupies multiple grids to show the micro behavior among pedestrians. The operation rules of self-driving force, repulsive force and friction force in the social force model are introduced to improve the model to simulate pedestrian collision [34]. According to the characteristics of high-density crowd evacuation, Ji proposed a new triangular mesh cellular automata model, which can accurately simulate the evacuation process of high-density crowd [35]. Fan Peng [36] studied a global optimization method with the goal of reducing the total evacuation time. Based on cellular automata, he added a time optimization strategy, which can quickly determine the optimized evacuation path and can be used for emergency evacuation simulation and optimization of large buildings [36]. Juan. C proposes a continuous state cellular automata algorithm. Different evolutionary rules are used to maintain a balance, so that the exploration and utilization attributes in each iteration are maximized, which is competitive with the most advanced algorithms at present [37]. Hu Jun proposed a new three-dimensional cellular automaton model in combination with the ladder factor, and conducted experiments using the established simulation platform to deeply analyze the relationship among evacuation time, exit flow rate, exit width, initial pedestrian density and system average speed [38]. Lu Wei established a mesoscopic cellular automata model of evacuation applied to large-scale evacuation scenarios based on the movement characteristics of pedestrian flow. Road cell division is used instead of plane grid cell division, and "source loading" cell loading is introduced to simulate the evacuation of people in the scene, and the inter cell state transition equation is established to simulate the movement of people in the evacuation process [39].
[bookmark: _Toc113449374]2.4.2 Classification research based on the characteristics of the population
Kim based on the cellular automata walking model to study the impact of traffic flow on walking movement of disabled people. Among them, walking for the disabled includes wheelchairs, crutches, children and the elderly. A new model reflecting the physical characteristics of disabled pedestrians is constructed and analyzed [40]. Chen found that when the normal people and the elderly evacuate together, there is less research on the impact of the behavior characteristics of the elderly on group evacuation, so he proposed the concept of panic field and established the evacuation model of the elderly [41]. Deng Qiangqiang explored the turning behavior of pedestrians at the narrow bottleneck and the impact of carrying luggage on pedestrian flow characteristics and evacuation efficiency from two aspects of simulation and controllable experiments, and studied the pedestrian movement behavior in the "bottleneck" structure of the room exit [42]. Zou Baobao proposed the concepts of improved local density field and probability cost of Pedestrian Conflict hesitation time for hospital population, considered the cellular automata model of complex groups with different physical characteristics and movement speeds, and set avoidance rules in the model. The concept of waiting time highlights the advantages of adopting avoidance rules [43]. Bai Xuecen, on the basis of analyzing the differences in behavior characteristics between different types of special pedestrians and normal pedestrians, established cellular automata models for evacuation of two types of special pedestrians to explore the macro behavior characteristics of pedestrian flow and the generation mechanism of congestion when there are special groups [44].
[bookmark: _Toc113449375]2.4.3 Categorized by type of disaster
Common disasters can be roughly divided into four categories: floods, earthquakes, fires, and smoke. At present, cellular automata often use these four kinds of disasters as research objects to build corresponding models.
   Huang Cong established an analytical model for the evacuation of people under flood spread, and studied the dynamic process of flood spread and people evacuation through numerical simulation [45]. Based on his research on the optimization of the global shortest path algorithm for static obstacles, He Mengnan developed a dynamic path optimization algorithm for flood process, which realized the expansion of single-person evacuation to crowd evacuation, and simulated the flood emergency evacuation process [46]. Zheng proposed an improved floor-field model incorporating flood propagation processes to study pedestrian evacuation dynamics under subsurface flooding. The water depth of the flood gradually rises, and pedestrians have four states: normal walking, slow walking, moving to the shelter, and staying for rescue. Modeling is carried out with the static floor field, the high floor field, the supporting floor field, the dangerous floor field, and the water flow floor field [47]
   He proposed a fully stochastic evacuation model for simulating and analyzing the seismic evacuation process of multi storey buildings. The model simplifies the 3D pedestrian dynamics simulation, coupling the emergency evacuation process and the damage process of the structure, while taking into account the randomness of pedestrian dynamics, structural damage and seismic excitation [48]. Li Ziwei established a cellular automata evacuation model for a three-story teaching building under earthquake conditions, taking into account factors such as rational and irrational choices, conflict resolution, the relationship between ideal evacuation speed and actual evacuation speed, and update principles, and analyzed different earthquake damages. Simulation results of changes in pedestrian flow in relevant areas, changes in the number of pedestrians staying in place, changes in average speed of pedestrians, and evacuation time under the influence [49].
Chen Changkun extended the existing field model, and combined cellular automata to propose a field evacuation model that considers the coupling effect of multiple exits, crowd behavior and fire threat, and comprehensively considers psychology and environment.  factors to quantitatively describe the interaction between people and between people and the environment [50]. Li Chao established a fire evacuation model based on the dynamic coupling of FDS and cellular automata, and loaded the disaster data obtained by FDS operation into the cell in real time through technical means such as Python, so that the disaster data continued to affect the pedestrian transfer probability, so as to realize the disaster. The dynamic coupling with evacuation; the single-story teaching building is used as a simulation scene for simulation analysis, and factors such as the location of the fire source and the heat release rate are discussed [51]. Yang Ayong introduced the influence of the direction of people in the corridor on the path selection of people in the room, established a people evacuation model including rooms and corridors through Python, and simulated different corridor widths, the number of rooms, and the density of people in the room. Some evacuation features of the corridor as a whole [52].
Wang Yuchen proposed a forest tunnel crowd evacuation model based on the smoke diffusion characteristics. The model takes the smoke range and frequency as the diffusion characteristics, introduces the extinction coefficient to reflect the impact of smoke diffusion on distance perception, and uses the smoke field strength to describe the emergency evacuation behavior of the crowd [53]. Li Cuiping comprehensively considered the influence of combustible type and throwing density, shaft ventilation, shaft slope and other factors on the ignition effect of the fire source in the shaft and the influence of double diffusion, shaft ventilation, buoyancy and throttling on the fire smoke spread effect, and constructed the fire source combustion model in the shaft and the smoke spread model in the shaft expressing the cell temperature [54]. Yang Ayong proposed an improved building fire evacuation model considering the impact of corridor pedestrian flow direction on the path selection of people in the room, the repulsion of fire source to evacuees, the impact of smoke on the movement speed of people, and the repulsion of high concentration smoke to people in low concentration smoke areas or smoke-free areas [55]. Huo Xiaoyao built an evacuation model considering exit conditions and information perception based on the cellular automata theoretical model, and studied the evacuation process under different toxic gas scenarios [2].
[bookmark: _Toc113449376]2.4.4 Research Based on pedestrian behavior and movement mechanism
Common research personnel behaviors and phenomena include: conformity, avoidance, companionship, queuing, detour, turning, trampling, inertia, etc; The introduction mechanism generally includes guide, environment familiarity, visibility, information transmission, etc
Huo Feizhou established a two exit cellular automaton evacuation model considering the behavior of two people. The model introduces the risk simulation pedestrian route selection mechanism in the static field to study the evacuation process of the two under different pedestrian densities [56]. Liu Yixue established a crowd evacuation cellular automaton model considering the crowd threshold and subject characteristics. By introducing the crowd threshold to reflect the degree of crowd selection of different individuals in the crowd, he coupled the differences in crowd selection caused by different feature attributes of each subject and cognitive abilities of different personnel [57]. Xu Fushun considered establishing an improved field model with decision points, introducing the concept of decision points. When the point touches an obstacle, it will guide the rear pedestrian to turn, thus reproducing the phenomenon of pedestrian detour [58]. Fu modified the cellular automaton model of fine discrete floor field by introducing fatigue function to explore the impact of fatigue on the upward evacuation of people [59]. Geng simulates pedestrian evacuation under adverse line of sight conditions by considering the influence of uncertain information, in which the concept of "memory angle" is introduced to quantitatively reflect the accuracy of evacuation information, and the influence of location distribution, number of memory points and field of view of memory angle on the evacuation process of indoor people is studied. And discussed the spatiotemporal dynamic characteristics in the evacuation process [60]. Zhou proposed a new pedestrian evacuation model based on cellular automata and s-queue, defined the calculation formula of pedestrian movement probability based on the ground field and queue length, and derived the calculation formula of queue length according to s-queue theory, and deeply studied the relationship between exit width, evacuation time, queue length, evacuation speed, pedestrian density and other parameters [61]. Yi established an extended floor field model to study the pedestrian evacuation dynamics during the stampede process. The effects of pedestrian density, incident ground field, stampede location, evacuation strategy, stampede occurrence time and chaos duration on evacuation efficiency and casualties are analyzed in detail [62]. Yang can divides pedestrians into people who are familiar with the environment and people who are not familiar with the environment. For pedestrians who are familiar with the environment in the room, the potential function cellular automata model is improved to simulate their evacuation behavior. For people who are unfamiliar with the environment, their following behavior in the field of vision is analyzed, and different following behavior strategies are formulated [63]. Song Yinghua established a cellular automaton model considering avoidance behavior, which reflects avoidance behavior by changing the selected probability of personnel; Through simulation, the impact of avoidance behavior on evacuation efficiency and evacuation process under the conditions of different personnel proportions and different initial location distribution of personnel is analyzed [64]. Miyagawa constructed a cellular automaton model with turning behavior to simulate the occupation size of 1 × 2 cell pedestrian. The simulation results show that the turning behavior can shorten the evacuation time, and there is an optimal turning rate for crowd evacuation [65]. Li Na established an improved one-way pedestrian flow cell transmission model at the mesoscopic level. The pedestrian walking space is discretized into a series of regular hexagonal cells, and each cell can accommodate several pedestrians. In addition, an improved multi-directional pedestrian flow cell transfer model is proposed to simulate the emergency evacuation process of pedestrians in a supermarket scene, and three behavioral characteristics of inertia effect, no risk effect and panic psychology are introduced [66].
[bookmark: _Toc113449377]2.4.5 Research on the psychological and emotional reaction of personnel and its influence
Fengsihai uses the method of combining the emotion infection model based on the principle of thermodynamics and the cellular automata evacuation model to simulate the panic emotion infection in the evacuated population. The individual difference of evacuees and the dangerous environment of central diffusion are introduced, and the evacuation process of people in different dangerous environments is simulated by quantifying the panic emotion value and integrating it into the evacuation decision of pedestrians [67]. Chen Changkun combined decision-making theory and emotion infection related theory, considered the impact of panic on pedestrian decision-making and the dynamic characteristics of panic itself, and established a decision-making correction model under panic state based on field model by using cellular automata method [68]. Li Jiayang introduced emotion perception and infection mechanism into pedestrian movement strategy, constructed personnel emotion update function based on SIS model, proposed emotion perception domain definition, and improved the dynamic field of cellular automata [69]. M. Ram í rez simulated the random interaction between pedestrians usually caused by psychological effects (such as anxiety) by implementing cellular automata in the simplified one-dimensional corridor model, and found that anxiety may affect the movement of pedestrians and the effectiveness of evacuation plans [70]. Shi proposed a new impatience determination model to qualitatively and quantitatively characterize the impatience in the evacuation process, developed a comprehensive algorithm to calculate the dynamic impatience level considering self-growth and impatience propagation among pedestrians, and found that only when the self-growth rate of impatience is low can impatience propagation promote evacuation efficiency [71]. Zhang Qi used cellular automata to study the dynamic characteristics of two-way pedestrian flow under the influence of impatient behavior decision-making, and defined the potential energy field to express the occupation tendency of pedestrians to available space, reflecting the proactive effect of two-way popular people's decision-making. A method is proposed to measure, record and update individual pedestrian impatience level according to instantaneous state, and trigger personalized behavior [72]. M. Ram í rez used cellular automata to study how three kinds of stress (mild stress, optimal stress and anxiety) have a significant impact on collective dynamics. It was found that because the agent chose the alternative route instead of the shortest route of exit, and showed cooperative behavior [73].
[bookmark: _Toc113449378]2.4.6 Research Based on the characteristics of obstacles and the internal settings of the scene
Du Jiawang established a three-dimensional cellular automaton model based on potential energy field, comprehensively considered the impact of height difference, path distance, path congestion and path capacity on pedestrian path selection, more accurately established pedestrian path selection behavior in complex three-dimensional scenes with different height steps such as backless stands, and obtained a simulation model suitable for crowd evacuation in university stadium stands [74]. Ma Hongshi builds a sub model of evacuees based on the relevant theory of agents, gives an initial pedestrian method in a multi room and multi exit scene and a path finding optimization method based on the scene environment. Aiming at the unbalanced utilization of exit allocation in a multi exit scene, he uses the Stackelberg game model to design an exit allocation optimization method [75]. Yue based on the improved dynamic parameter model of cellular automata, introduced hysteresis coefficient to describe the effect of obstacles on pedestrian movement, and calculated the shortest estimated distance (SED) from the neighborhood to the exit by considering the arrangement of obstacles and the deceleration coefficient. It was found that the repulsion and isolation effect of obstacles on pedestrian flow is represented by evacuation path chain clusters [76]. Gao Jin developed a simulation system applicable to the escape and evacuation of personnel on offshore platforms based on the cellular automata model, and proposed a method of accurately considering multiple personnel speeds in the discrete model [77]. Song Yinghua established a cellular automaton model of evacuation considering the behavior of crossing obstacles, introduced the concept of risk degree, and used the risk degree to distinguish the surmountable obstacles from the non-surmountable obstacles; Pedestrian's obstacle crossing behavior is realized through two different neighborhoods [78]. Gao ran made a comparative analysis of the evacuation time and walking path of each person in the classroom evacuation problem, and obtained the relationship between path selection and pedestrian evacuation efficiency. Static field and dynamic field parameters are added to the field model of cellular automata to simulate the impact of exit location, exit width, indoor obstacle layout and corridor width on pedestrian evacuation time [79].
Zhai Yue used cellular automata to simulate indoor evacuation with and without obstacles and considering various factors. The simulation results with and without obstacles can be compared to help study the impact of obstacles on the evacuation route [80]. Liu Mengting proposed an emergency evacuation sign (EES) with variable direction, which can dynamically change the direction according to the exit distance and crowd distribution. Considering the inertia effect, the evacuation simulation of the double exit scenario [81]。
[bookmark: _Toc113449379]2.4.7 The combination and research of cellular automata and different model theories
Based on cellular automata model, Gao proposed the cumulative prospect theory (CPT), which provides a reasonable decision-making choice for agents in the model. The results and probabilities of alternative schemes are transformed into prospects through weighting functions, so that they can make the most forward-looking decisions under risks or uncertainties [82]. Zhou Meiqi proposed a passenger evacuation movement model based on the improved cellular automata model, which makes use of the advantages of the cellular automata model with small computation and the fuzzy logic theory without establishing a complex mathematical model to predict the selection and movement process of subway doors during passenger evacuation [83]. Based on evolutionary game theory, Li qiaoru combined cellular automata and social force model to study the co evolution of evacuation system dynamics and "cooperative behavior". The simulation verified the conclusion that cooperative behavior can promote the overall evacuation efficiency, and the evacuation efficiency of cooperators is higher than that of betrayers [84]. Liu Tianyu proposed a guided crowd evacuation dynamics model based on cellular automata model by integrating Gaussian mixture model and fuzzy logic theory, providing a new idea for pedestrian dynamics modeling [85]. Ye Jihong proposed a dynamic planning system for firefighters' rescue routes based on BIM Technology and cellular automata, innovatively combined BIM building model with cellular automata, automatically identified various components and internal environment of buildings by using scene layering and collision detection methods, and added a dynamic obstacle model and a random catastrophic fire model to the fire scene [86]. Zhai Longzhen proposed an optimized pedestrian evacuation model based on fuzzy rules and breadth first search (BFS) algorithm and cellular automata. The dynamic fuzzy speed rule is introduced to establish the fuzzy correspondence between the moving speed and the surrounding environment, so as to simulate the moving speed of pedestrians in different environments [87].
[bookmark: _Toc113449380]2.5 Research overview
In the above documents, the evacuation model has been divided into different dimensions, and there are different applicable models in the macro and micro aspects. The macro model has made some progress in the research of pedestrian flow path planning algorithm, dynamic evolution of movement, optimization of evacuation strategy, etc., and the mathematical methods to reduce errors are constantly updated. In the micro model, there are endless studies on different emotions and behaviors of pedestrians, including panic, detour, avoidance, companionship, irritability, conformity and so on. The movement mechanism and mode of pedestrians in the model are also constantly innovated and updated. At present, the research on pedestrian evacuation dynamics is relatively perfect. In terms of research tools, cellular automata, social force model and other models can achieve fine simulation of complex scenes, while simpler scenes with huge calculation can be simulated using various simulation software such as Pathfinder and anylogic. In addition, field experiments can be organized to analyze and verify the accuracy of the model. In terms of research results, the impact of internal and external factors on the evacuation process was discussed through the establishment of models, design experiments, software simulation and other forms.

[bookmark: _Toc113449381]3. Research and development methods
[bookmark: _Toc113449382]3.1 Research ideas and technical route
After that, the evacuation model and influencing factors are summarized, and the factor analysis lacking in the current study is supplemented and innovative points are explored. After that, according to the identified research factors and scenarios, the model analyzes the risk factors in the scenario, the possible secondary disasters and the measures that need to be taken again, and carries out relevant research from the disaster scenarios and measures to explore ways to improve the evacuation efficiency. Finally, according to the predetermined content of the model, the coding is implemented, and the simulation research is carried out through MATLAB software to explore various influencing factors, analyze and summarize the data, and obtain feasible research conclusions.
The technical roadmap of the study is as follows: 


Figure 3-1 technical roadmap
[bookmark: _Toc113449383]3.2 Development Method
With the continuous development of computer technology, the computing power of computer is sufficient to support large-scale computing, and computer simulation is gradually applied to various fields. Computer simulation can save time and effort, is repeatable, easy to operate, and is widely applicable; Real experiments are time-consuming and laborious, with complex organization and poor repeatability. Therefore, this paper intends to use the development method of computer simulation and simulation programming to analyze the evacuation behavior, using MATLAB as the development software and cellular automata model as the development model, to explore the correlation between the evacuation behavior and the scene layout, and to optimize the room space layout design from the perspective of emergency evacuation, so as to provide theoretical basis and method support for building design and emergency management.
[bookmark: _Toc113449384]3.2.1 Model features and basic composition
As mentioned above, cellular automata model is defined as a dynamic system that evolves in a discrete time dimension according to certain local rules in a cell space composed of discrete and finite cells. Cellular automata can simplify the complex evacuation process, present the process in the form of two-dimensional grids, and intuitively reflect the behavior characteristics of all individuals. Therefore, it is particularly suitable to be used in the field of personnel evacuation.
Cell is the most basic component of cellular automata, and each cell is a discrete cell. In general, cells are distributed on discrete one-dimensional, two-dimensional or multi-dimensional Euclidean lattice points. The shape of cells can be divided into triangle, rectangle, hexagon and so on according to the different spatial structure of cells. At every moment of evolution, the cell has limited state variables, which can be used to reflect the basic characteristics of personnel movement, such as personnel speed and personnel type.
Cell space is a space composed of the collection of all cells in the area where cells are distributed. According to the division of dimension, it can be divided into one-dimensional, two-dimensional and multi-dimensional cell spaces. At present, most of the research work is basically carried out in one-dimensional and two-dimensional cell spaces. The multi-dimensional cell space is relatively complex, and few scholars are involved.
When a cell updates its state in the next time step according to the set evolution rules, the neighborhood space to be searched is called the cell neighborhood. Because cellular automata is a discrete model, the evolution rules of each movement of individual cells are local. Cells compare and analyze the information of each lattice point in their neighborhood to determine their own movement intention, and update real-time information through time step iteration, so as to realize the simulation of crowd evacuation scene. In one-dimensional cellular automata, all cells with a distance from a specified cell R (cell radius) are neighbors of the cell, and the area where the neighbor cell is located is the neighborhood of the cell.
The evolution rule is the core part of cellular automata. The cell updates and iterates under the guidance of the evolution rule by analyzing the current state and the cell neighborhood state. The evolution rules affect the simulation results on many levels, including cell type, neighborhood selection, node processing, termination conditions, etc. they are flexible and hierarchical, and can reflect the essential characteristics of the model. By setting reasonable evolution rules, the simulation results can be more efficient and accurate.
[bookmark: _Toc113449385]3.3 Data collection and research feasibility analysis
There are two main categories of data collection in this paper.
The first type is the scene data required for the initial construction of the scene, which includes the actual scene and the reference size of the obstacle, the width selection of the emergency exit in general, the fit between the pedestrian's body size and the scene grid size, the movement speed and the model line update speed selection during the pedestrian evacuation process, etc.
The second type is the statistical analysis after the simulated evacuation data is obtained. It needs to classify and screen the data, focus on the analysis of the possible extreme data, explore the reasons, find the commonness of most of the data, and carry out visual analysis of the data, so as to get the research conclusion.
The research object of pedestrian evacuation dynamics is all the people participating in evacuation. By analyzing the individual behavior of evacuees and the interaction between them, the influence of people's behavior on the evacuation process is discussed. Each pedestrian is an independent individual, and their evacuation behavior characteristics are the result of the joint influence of many factors, including gender, growth environment, education level, personal personality and moral quality. Therefore, the behavior logic of different personnel has strong uncertainty, and it is impossible to simply summarize all personnel through a certain law. Based on the above reasons, it is often expensive and ineffective to study the impact of people's behavior on the evacuation process through real person experiments. The cumbersome nature of experiments limits the number of experiments, which can not effectively eliminate the experimental error caused by behavioral uncertainty; For the complex evacuation scene with high crowd density and large traffic, the real person experiment will cost a lot of manpower and material resources, and it is very difficult to implement. It is easy to produce various emergencies that will lead to the distortion of the experimental results.
To sum up, with the development of computer technology, many excellent evacuation models have emerged to meet the growing demand for safe evacuation research. For example, macro models include hydrodynamics models, queuing theory models, etc., and micro models include social force models, cellular automata models, multi-agent models, etc. with the help of computer programs, these models can effectively simulate various evacuation scenarios, analyze and study the impact of evacuation environment, personnel behavior and other factors on the evacuation process, which is more portable, easier to operate, and lower in cost than human experiments. Therefore, this study has strong feasibility and research significance, and does not involve ethical and moral issues.
In the selection of research methods, the cellular automata model can intuitively observe the way of pedestrian movement and walking route, and has strong programmability. It can be programmed to realize various disasters and pedestrian behaviors. It has operability and strong autonomy, can adapt to various types of simulation, and has simple logic and intuitive and reliable results. However, the model of this method also has some defects, such as the relatively single cell shape, the visualization of the simulation process is mostly two-dimensional, the calculation model will be subject to certain constraints of the neighborhood state, the human behavior and other simulation factors are numerous, and the lack of a certain package program and comprehensive Simulation Research.
[bookmark: _Toc113449386]4. Study on cellular automata model of earthquake falling objects
[bookmark: _Toc113449387]4.1 Model theory description
[bookmark: _Toc113449388]4.1.1 Basic rules
By improving the cellular automata model based on the field model, the model studies the evacuation of people caused by falling objects in the process of earthquakes, and introduces "strong impact area of falling objects" and "weak impact area of falling objects" to reflect the behavior of people retreating briefly due to fear, the behavior of keeping a safe distance from falling objects, and the behavior of path change such as detour caused by falling objects in earthquakes, And describe the moving rules of panic pedestrians and normal pedestrians with different moving speeds and competitiveness.
The multi exit cellular automaton evacuation model considering earthquake falling objects is established in two-dimensional space, and the size of each cell is 0.4 × 0.4m.
 Each cell can only be occupied by one unit, which can be an initial obstacle, wall, earthquake falling object or pedestrian. The model uses Moore neighborhood and extended Moore neighborhood as the basic transition rules of pedestrian movement, and determines the probability matrix of pedestrian movement. Among them, normal people use Moore neighborhood to move, while people in panic will move at a faster speed, so extended Moore neighborhood is used to move, as shown in Figure 4-1. The model sets that panic pedestrians have stronger competitiveness than ordinary pedestrians. When there is a conflict between the movements of people, the more competitive people will be selected to move. If the competitiveness is the same, one person will be randomly selected to move, and the other people who fail in the competition will stay in place.
[image: C:\Users\fc\AppData\Local\Temp\1628760601(1).png]
  (a) Moore neighborhood    (b) extended Moore neighborhood
Figure 4-1 basic transition rules of pedestrians
The model uses static field, strong influence field and weak influence field generated by falling objects to jointly calculate the probability of personnel moving to different cells.
(1) Static field: quantification of pedestrian attraction based on the distance between exit and personnel.
(2) Strong influence field of falling objects: when a falling object occurs at a certain time step, a strong influence area of falling objects (one or more layers of cells closest to the falling object) will be generated around the falling object, as shown in Fig. 4-2. People in the area will have panic because of falling objects, and start to move by using the expanded Moore neighborhood, and their competitiveness will be enhanced when there is conflict in personnel movement, so they can move to the conflict cell first. The behavioral reaction is to retreat, or to evacuate in the direction away from the falling object preferentially. The movement mode is shown in Fig. 3, and then the evacuation continues. For safety reasons, the follow-up crowd will not enter the area strongly affected by falling objects.
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(a)3 × 3 strong impact area    (b) 5 × 5 strong impact area   (c) 7 × (7) strong impact area 
Figure 4-2 strong influence area of falling objects of different sizes[image: ]
Figure 4-3 movement direction of personnel leaving the area strongly affected by falling objects
(blue is the preferred area and gold is the secondary area)

(3) Weak influence field of falling objects: refers to the rear area (blue) of the strong influence area of falling objects, and its size changes with the change of the strong influence area of falling objects. It reflects that the pedestrian did not enter the area strongly affected by falling objects, but was worried that the structure near the falling object area would be unstable and falling objects would happen again. After knowing the relevant information of the falling objects, he changed the evacuation exit or made a short detour. As the pedestrian is more parallel to the falling object, it is more difficult to change the path, and it is stepped.
Pedestrians entering this area will temporarily change the currently selected exit with a certain probability, choose a safer exit for evacuation, or still choose the nearest exit for evacuation, and leave the scene as soon as possible. The probability of change is multiple judgments. After entering the area, pedestrians will make the first judgment and move according to the results. If there is no competition conflict during the movement, they will always move according to this choice; If there is a competition conflict, the travel is blocked and the judgment is made again. And so on until the pedestrian moves out of the weak influence area of the falling object. The range sizes of different types of regions are shown in Fig. 4-4.
 [image: ]
 (a)3 × Weak impact area     (b) 5 × 5 weak impact area     (c) 7 × (7) weak impact area 
Fig. 4-4 weak influence area corresponding to strong influence area of different falling objects

In terms of personnel distribution, panic personnel appear after falling objects. With the falling object cell as the center, panic probability is set for every two layers of cells outside the strong falling object impact field, with a total of three levels, as shown in Figure 4-5. The panic probability of each level is set as 0.6, 0.4 and 0.2 from inside to outside.
[image: ]
 Fig. 4-5 panic probability setting of peripheral personnel in the area strongly affected by falling objects

At the beginning of evacuation, pedestrians will select the target evacuation exit and move towards it according to the distance from the nearest exit, and keep it unchanged until the weak impact field of falling objects has an impact. It is set that there is only one falling object, and after the falling object occurs, different types of people will move according to their own movement modes. Normal people will no longer become panic people with the time step. Panic people can not be recovered in a short time, so it is set that they will not change back to non panic people. The transfer probability of pedestrians from the selected exit to the neighboring cells is calculated according to equation (1), and some parameters are calculated according to equations (2) and (3).

Where,  represents the probability that the pedestrian regards the m-th exit as an escape exit and selects (I, J) as the target cell in the neighborhood to move; N is the normalization constant, ensuring that the sum of the probabilities of moving to different neighborhood cells each time is 1;  represents the static field value of the m-th outlet at (I, J),   represents the field value of the strong influence field of the falling object at (I, J)，represents the weight coefficient values of the static field and the strong influence field of the falling object respectively. When in the strong influence area of the falling object ; When it is in the strong influence area of non-falling objects,  indicates whether the cell is occupied by pedestrians, and if occupied ,  otherwise =0；， indicates whether the cell is occupied by obstacles and whether it is in the strong impact area of falling objects, and is not occupied by obstacles =1, vice versa =0; The cell is not in the strong influence area of falling objects =1; conversely =0 .
                                 
       
[bookmark: _Toc113449389]4.1.2 Pedestrian movement update rules
The movement of people in the scene adopts the synchronous parallel update rule, that is, in each time step, all cells update their states at the same time. If there are multiple pedestrians competing for the position of the same cell at the same time, the pedestrians with stronger competitiveness will be selected to occupy the cell. If the competitiveness is the same, one person will be randomly selected to occupy the cell. Other pedestrians who fail in the competition will still stay in the original cell position.
The basic update rules of cellular automata are as follows:
(1) Initialize personnel distribution.
(2) The transfer probability of all cells in the scene is calculated according to the corresponding formula, and the pedestrian selects one cell as the target in the next time step according to the transfer probability.
(3) When there are multiple pedestrians competing for the same moving target at the same time, one pedestrian is selected with equal probability to enter the target, and the pedestrian who fails in the competition stays in place.
(4) A falling object occurred at a certain time step.
(5) Judge whether the personnel are within the action area of the strong and weak impact field of the falling object, change the personnel type and movement mode according to the corresponding area rules, and continue to evacuate.
(6) When the pedestrian moves to the evacuation exit, the pedestrian will be evacuated from the system at the next time step.
(7) When there are no people to be evacuated in the scene, the evacuation is deemed to be completed, and the simulation ends; otherwise, return to step 2.
[bookmark: _Toc113449390]4.2 Simulation and result analysis
The simulation scene is set as a small painting exhibition hall, and two supporting walls are set in the middle of the scene. At the same time, the exhibition area is increased to alleviate the situation that visitors gather around the walls of the scene, so that the initial crowd distribution is more realistic.
The scene size is 45 × 30 mesh with actual size of 18m × 12m long, there are two exits, which are located above the scene. The width of the exits is 1.2m, and they are distributed symmetrically from left to right. The schematic diagram after the initial scene simplification process is shown in Fig. 4-6 (where black represents obstacles).
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Figure 4-6 schematic diagram of simulation scenario

In order to reduce random error, the average value of 50 simulation results is taken for all simulation data, and the one simulation data with the closest average value of evacuation time is selected for the curve of cumulative evacuation number changing with time.
[bookmark: _Toc113449391]4.2.1 Comparative analysis of the impact of falling objects on evacuation process
According to the scene setting of the painting hall, the classification of falling objects is shown in Table 1. (the cell represents a size of 0.4m × 0.4m, according to the size of the falling object, the model only studies the case where the shape and size of the falling object account for one cell)



Table 4-1 types of falling objects and their influence parameters
	Type of falling object
	Small sundries
	Small sign
	suspended ceiling
	Small chandelier or playback equipment

	Size / (CM)
	Within 10×10
	About 20×20
	About 30×30
	About 40×40

	Mass / (g)
	below 500
	500-1000
	1000-3000
	More than 3000

	Impact degree of falling
	less
	Small
	secondary
	serious

	The generated falling objects strongly affect the grid size of the area
	N/A
	3×3
	5×5
	7×7


Taking into account the human body size [88], the limit of the number of people accommodated in the exhibition hall and other scenes and the size of the simulation scene, we set the personnel density as 0.3 and the size of the strong impact area of falling objects as 5 × 5 cell region. When the earthquake occurs, the evacuation process starts, and the falling object time is set to occur at the 10th time step. At this time, because the people have moved a certain distance, in order to make the falling object hinder the people to a greater extent, the position of the falling object is selected as the upper middle of the left side of the scene, that is, the position of the cell (15,8). The time steps taken to complete evacuation under five conditions, including no falling object model, only the strong impact area of falling objects but no panic crowd, only the strong impact area of falling objects, only the weak impact area of falling objects and the complete falling object model, were simulated. The detailed movement process of the complete falling object model is shown in Fig. 4-7.
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Fig. 4-7 schematic diagram of evacuation process of complete falling object model
In Figure 4-7, white indicates cells in idle state, black indicates obstacles or falling objects, dark gray indicates normal personnel, and light gray indicates panic personnel. When falling objects occur, people in the strongly affected area and surrounding areas will fall into a panic state according to the rules. They tend to choose the exit close to them to leave the scene as soon as possible. Due to its strong competitiveness and faster moving speed, the evacuation can be completed quickly in the early stage. A small part of the people behind the falling object choose to keep a safe distance to detour from the left side, and most choose to detour from the right side or choose the right exit for evacuation. When the time step is 60, it can be observed that the number of people evacuated from the right side is significantly more than that from the left side, and there is some congestion. When the time step is 85, there are still a small number of people left in the scene, and the evacuation process is basically completed.
The average simulation results show that it takes 82.3 time steps for the model without falling objects to complete evacuation; It takes 83.5 time steps if there is only a strong impact area of falling objects but no panic crowd; 82.7 time steps are required for the case where only the strong impact area of the falling object is present; 85.3 time steps are required for the case where there is only a weak impact area of falling objects; The complete falling object model needs 87.1 time steps.
In the case of falling objects, only the area affected by strong falling objects will be increased, which will cause local obstruction of the evacuation passage. However, due to the relatively small crowding of people passing through the central area during the evacuation process, the crowd can be more evenly and quickly diverted from both sides to bypass the strongly affected area and continue to evacuate. The number of people evacuated at the two exits is relatively uniform, and the panic crowd near the strongly affected area also leaves the scene at a faster speed, Therefore, the time step required for evacuation completion is shorter than that of the model without panic crowd, which also proves that moderate panic psychology in the evacuation process can accelerate the evacuation process [89]. Due to the above two factors and specific scene settings, only adding strong influence areas and no falling objects model is not significant in the increase of evacuation completion time steps.
Only increasing the area affected by weak falling objects also prolongs the evacuation time. The behavior of detouring and changing the exit in the rear makes people gather to the right in large numbers, which not only increases the movement time, but also prolongs the evacuation time after the evacuation of the people at the left exit is completed, and some people who have not completed the evacuation are still left at the right exit.
By comparing the evacuation results of the non-falling object model and the complete falling object model, it is found that the time steps required for the evacuation of the complete model increase more obviously, with an average difference of about 5 time steps, and the evacuation efficiency decreases by about 6.2%. This is because after adding the strong influence area, the left evacuation channel has been blocked, and some people have gathered to the right side of the scene. The number of pedestrians evacuated from the left side of the strong influence area has dropped sharply, the crowd movement is uneven, the right channel is crowded, the number of pedestrians has increased, and the competition has intensified.
The change of the number of evacuated people with time is shown in Figure 4-8.
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Figure 4-8 number of evacuated people in different time steps
At the beginning of evacuation, due to the random distribution of people, it takes a certain time to reach the exit, so the number of evacuees in the first 10 time steps is small, while the impact of the 10th time step of falling objects on the evacuation efficiency in the first and middle stages is not obvious, and the number of evacuees increases steadily from 10 to 70 time steps. When the crowd density set in the simulation is 0.3, the crowd can still reach the exit position relatively coherently. The time step starts from 10, and the evacuation efficiency of the exit is relatively saturated. However, in the later stage of evacuation, some pedestrians turn to the right side because of the behavior of changing the selected evacuation exit, resulting in the lower utilization rate of the left exit in the later stage. The entire evacuation efficiency is almost 50% of the original, which slows the evacuation process.
[bookmark: _Toc113449392]4.2.2 The influence of the size of the area affected by falling objects on the evacuation time under different crowd densities
According to the setting of the scene size, the size of the impact area of falling objects generated by different types of falling objects is selected to simulate the impact of the time steps required for the completion of evacuation under the six density ranges of the initial population distribution density from 0.1 to 0.6. The location of falling objects is still selected as the upper middle of the left side of the scene, that is, the location of cells (15, 8). The simulation results are shown in Fig. 4-9.
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Fig. 4-9 influence of area size of falling objects with different crowd density on evacuation completion time
No strong influence area and 3 × The small difference between the three strong influence areas is due to the small area of the distance, which has a small blocking range on the established evacuation route. And 5 × 5 and 7 × The area of 7 will occupy most of the area on the falling object side of the scene, and the evacuation passage is severely blocked. People need to spend more time to bypass the falling object area or evacuate from the exit on the other side.
In general, the larger the impact area of the falling object, the longer the time it takes for the crowd in the scene to complete the evacuation. This is because the larger the safety distance the crowd keeps from the falling object, the smaller the evacuation space available. When the population density is very small, there is less competition among people, there is enough evacuation space, people can complete the evacuation more smoothly, and people prefer to leave the scene as soon as possible, while only a few people will change the exit. When the population density is between 0.2 and 0.3, the impact is most obvious. The number of pedestrians in the scene is about 200 and 300, which is more in line with the scene's capacity and the evacuation capacity of the two exits. At this time, the behavior of people bypassing or changing the exit will obviously reflect the lag of the time step, so the difference is more obvious. When the crowd density continues to increase, because the evacuation capacity of the exit is exceeded, the early-stage personnel can not complete the evacuation in time, resulting in congestion at the exit. The falling objects occur in the middle of the scene. Even if the people behind detour and change the exit, they can catch up with the pedestrians in front in time. Therefore, the difference is gradually narrowing and tends to be balanced. The occurrence of this phenomenon is also related to the location of the falling objects.
[bookmark: _Toc113449393]4.2.3 Simulation analysis of the impact of falling object location on evacuation time
Since the scene is set with two exits, in order to consider the impact of changing the selected exit on the evacuation time at the same time, the location of the falling object is only studied when it occurs on one side (left side) of the scene, and only once. Select 5 × 5 strong impact area of falling objects, and the population density is 0.3. The occurrence time of falling objects is still the 10th time step.
The positions of falling objects are set as 1. Near the exit (6, 8); 2. Exit wall (6,2); 3. The outlet is to the right (6,12); 4. The middle of the scene (23,8); 5. The middle of the scene is right (23,12); 6. There are six situations in the rear of the scene (34,8). When the time step is 60, the evacuation process of different falling object positions is shown in Fig. 4-10. The impact of falling object positions with different pedestrian densities on evacuation time is shown in Figure 4-11.。 
[image: ]
Figure 4-10 evacuation from different falling objects

[image: ]
Figure 4-11 time steps required for evacuation under different crowd densities at different falling object locations
It can be clearly seen from figs. 10 and 11 that when falling objects occur at the exit, not only the number of pedestrians affected increases, which hinders people from reaching the exit, but also reduces the evacuation efficiency of the exit. With the increase of crowd density, the impact becomes more and more serious. The falling objects occurred at the exit and the right position of the exit. When the crowd density was 0.3, compared with the falling objects occurred at the middle position, it extended 20 time steps and 8 time steps respectively, and the evacuation efficiency decreased by 23.3% and 9.3%. However, the falling object occurs at the right side of the exit, which has a relatively small impact compared with the right side of the exit, but it will affect the arching phenomenon of the people on both sides, resulting in certain congestion. When the falling object occurs near the wall of the exit, the impact is the smallest at the three positions relative to the exit due to the remote location of the falling object. For the case where the falling object occurs in the middle of the scene, the degree of obstruction to pedestrians is slightly higher than that at the right of the middle. The average evacuation time is reduced by about 2 time steps, which does not change much with the increase of crowd density. It happened at the rear of the scene. The evacuation process had gone through 10 time steps when it happened. There were fewer pedestrians at the tail, and the impact was limited. The crowd could complete the evacuation more quickly. The evacuation efficiency increased by about 5% on average compared with the central position.
[bookmark: _Toc113449394]4.3 Conclusion of this chapter
[bookmark: _Hlk113306645]Based on the current research on the evacuation problem, less consideration is given to the change of obstacles in the scene during the evacuation process. Under the background of earthquake disasters, a cellular automata model considering the impact of earthquake falling objects on the evacuation process in the double exit scenario is proposed. Through simulation, the effects of various falling objects are studied. The conclusions are as follows:
(1) Compared with the classical cellular automata evacuation, the pedestrian keeps a certain safe distance from the falling object, and the behavior of bypassing or changing the evacuation exit due to fear of the impact of the falling object reduces the passage space for transferring to the other side of the exit, and the crowd gathering on the safe side will reduce the evacuation efficiency of the exit on the side of the falling object and prolong the evacuation time. Local panic caused by falling objects can speed up the evacuation process to a certain extent, but it is not significant.
(2) In general, the greater the safety distance between pedestrians and falling objects, the longer the distance they need to avoid falling objects and detour, and the longer the evacuation time is. When the crowd density is 0.2 and 0.3, the impact is most obvious due to the limited evacuation efficiency of the exit. The crowd density continues to increase, the scene is overcrowded, and most pedestrians can follow the pedestrians in front to evacuate continuously, which weakens the impact.
(3) The closer the falling object is to the exit, the more pedestrians will be affected, and the impact on the evacuation time will be more obvious. With the increase of crowd density, the evacuation rules of different falling objects are basically the same.
(4) The purpose of the model is to truly present the evacuation law under earthquake conditions and provide some guidance or reference for the evacuation of scenes under earthquake conditions. In order to ensure the rapid evacuation of personnel, first of all, various structures at the exit should be reinforced, and the arrangement of various lifting pieces and other objects near the exit should be reduced. Secondly, the number of people accommodated in the scene should be strictly controlled to ensure the smooth evacuation passage. Finally, the exit width should be appropriately increased, and certain evacuation signs and broadcasting should be set up in the scene to give some guidance to the confused crowd and improve the evacuation efficiency. In the follow-up, we can still study the shape, number and times of falling objects, as well as the problem of multi exit falling objects in more complex scenarios.

[bookmark: _Toc113449395]5. Simulation study on the influence of guidance on pedestrian evacuation
[bookmark: _Toc113449396]5.1 Significance of guiding role
When various disasters occur, people are prone to panic and blind movement. When the evacuation scene changes to a certain extent, people may become unfamiliar with the environment under stress. Whether it is an earthquake, falling objects, or the generation and spread of other fires and smoke, it will interfere with people's cognition and state to a certain extent. Therefore, if certain appropriate guidance and intervention can be given at this time, the blindness of personnel movement may be reduced, which is of great significance in accelerating the evacuation efficiency and maintaining the evacuation order.
Generally, when pedestrians unfamiliar with the environment follow and guide to move, the pedestrian evacuation efficiency is higher. However, the presence of guidance signs or guidance personnel does not mean that pedestrians can be guided correctly and effectively evacuate from the scene. In fact, whether pedestrians can receive guidance correctly depends on many factors, such as whether the number of guide signs or guide personnel in the evacuation scene meets the needs of evacuation, whether the location of guide signs or personnel is reasonable, and whether the guide signs or personnel can be recognized by the evacuees. In this chapter, several factors that affect the guidance of guide signs to pedestrians, such as the location distribution of guide signs, the number of guide signs, the scope of action of guide signs, and the identifiability of guide signs, are collectively summarized as the effectiveness of guide signs, and the impact of guide effectiveness on evacuation is studied through simulation experiments.

[bookmark: _Toc113449397]5.2 Model description
[bookmark: _Toc113449398]5.2.1 Dynamic field
[bookmark: _Toc113449399]In the field of evacuation, the dynamic field strength represents the dynamic attraction between people, and will diffuse and decay with time.
The expression of dynamic field diffusion process is: 

	 	                  （4）
The expression of the attenuation process is:

	 	                                              （5）
Then the dynamic equation of the dynamic field is:

[bookmark: _Hlk113435255]	 	      （6）
Where, 、 are diffusion and attenuation parameters of dynamic field respectively.

 
[bookmark: _Toc113449400]5.2.2 Environmental familiarity
Environmental familiarity refers to the familiarity of personnel with the environment. Generally speaking, the more familiar pedestrians are with the environment, the stronger their ability to evacuate independently. This is a parameter used  to represent environmental familiarity.
Generally, there are great differences in the familiarity of different personnel with the environment. It is assumed that the familiarity of personnel with the environment meets a certain distribution. For qualitative analysis, the critical value of environmental familiarity is set . Personnel's familiarity with the environment , it is considered that the personnel are familiar with the environment，The proportion of personnel familiar with the environment is . This chapter does not consider some familiar situations for the time being, and simply divides the personnel into familiar environment and unfamiliar environment. The proportion of pedestrians who are familiar with the environment is , The proportion of pedestrians unfamiliar with the environment is , So


                                                       （7）
In the field model, it is assumed that pedestrians who are familiar with the environment adopt an active movement strategy based on the static field, and pedestrians who are unfamiliar with the environment adopt a follow-up movement strategy based on the dynamic field. Considering the environmental familiarity, the transfer probability of pedestrians in the cell is

	                                        （8）
PS: the meaning of other relevant parameters can be found in Chapter 4.
[bookmark: _Toc113449401]5.2.3 Guiding effect
Due to the existence of guide signs or guides, people will be guided by the guide signs or guides during the evacuation process. Based on the guidance effect, the guidance field is constructed and introduced into the field model.

                            （9）

                              （10）
Where  is the transfer probability of pedestrians to adjacent cells； is the normalization factor to ensure ; ， is the static field parameter and the dynamic field parameter, and the corresponding calculation method has been introduced in the previous part on the ground field model；、、 is the sensitive parameter of static field, dynamic field and guidance field;  is the guide field parameter, and the guide field is composed of several guide signs or guide personnel.

[bookmark: _Toc113449402]5.3 Simulation scene and sign setting
According to the regulations in China's code for fire protection design of high-rise civil buildings, it can be divided into attached indicator lights set on the wall and hanging indicator lights suspended above the roof according to the placement position. The action range of the hanging indicator is a circular area, while the action range of the attached indicator is a fan-shaped area due to its attachment to the wall. The action range of the two indicators is shown in Fig. 5-1, and the action radius is R.


Fig. 5-1 schematic diagram of action range of different guidance indicators

In order to eliminate the interference of the presence of obstacles to the following movement, there are no obstacles in the simulation scene in this chapter. The simulation scene is set to 20m × 30m room, corresponding cell space size of 50 × 75 cells; There are two exits on the left side of the room, both of which are 6 cells wide. The simulation scene is shown in Figure 5-2.
[image: ]
Figure 5-2 schematic diagram of simulation scenario

In combination with the relevant experience and standard regulations on the placement of guidance signs in public places in China, safety guidance signs are placed at the scene exit and inside. These guide signs can play the role of indicating the exit position and direction, and are placed in a conspicuous position to guide pedestrians in confusion or when their sight is unclear. The difference between the signs on the wall and in the middle of the scene lies in their scope of action. As shown in Figure 5-3, the action radius of the guide sign is set to 5 cells. Black is the wall, arrow is the sign, and green is the radius of action.
[image: ]
Fig. 5-3 schematic diagram of action range of guidance indicator

This chapter will study the impact of four factors on evacuation efficiency: the arrangement of guide signs, the number of guide signs, the scope of action of guide signs, and the identification degree of guide signs. Combined with the size of the scene, and in line with the requirements of the control variables, this paper designs three different layout of guide signs. Except for exit signs, the number of guide signs is set to 6, and the layout of guide signs is shown in Figure 5-4.

[image: ]
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Guide sign Layout 1        Guide sign Layout 2       Guide sign Layout 3
Figure 5-4 three different layout of guide signs

[bookmark: _Toc72348818][bookmark: _Toc113449403]5.4 Simulation analysis
The simulation scene divides people into two types: pedestrians who are familiar with the environment and pedestrians who are unfamiliar with the environment. Pedestrians who are familiar with the environment can know the location of the emergency exit, have a clear understanding of the general direction of the moving route, and will move according to the path planning method of the shortest path according to the static field; Pedestrians who are not familiar with the environment have poor autonomous evacuation ability, and cannot accurately know the location of the emergency exit. It is difficult to evacuate independently, so they need to follow the direction indicated and moved by the guide signs and other pedestrians nearby. In case of conflict between guiding signs and pedestrians familiar with the environment, evacuation shall be carried out according to guiding signs.
[bookmark: _Toc72348819][bookmark: _Toc113449404]5.4.1 Placement of guide signs
[bookmark: _Hlk64301039][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Schematic diagram of the remaining number of evacuees in the scene at different evacuation time steps under three guidance sign layouts（Pedestrian density , Environmental familiarity ）As shown in Fig. 5-5. When the evacuation time step is 120, the number of people remaining in the scene of guide sign layout 3 is the smallest among the three guide sign layouts, and the number of people remaining in the same time of different types of layout is obviously different, which indicates that different types of layout have a real impact on the evacuation efficiency, and the third layout has the highest evacuation efficiency.


[image: ]
Guide sign Layout 1, step = 60    Guide sign Layout 2, step = 60    Guide sign Layout 3, step = 60

[image: ]
[bookmark: _Hlk113443230]Guide sign Layout 1, step = 120   Guide sign Layout 2, step = 120   Guide sign Layout 3, step = 120

Fig. 5-5 distribution of remaining personnel at different time steps under three guidance sign layouts
Fig. 5-6 shows the change curve of the remaining number of people in the scene with time under the layout of three guidance signs（Pedestrian density , Environmental familiarity ）. The time taken by the three guide sign layouts to complete the evacuation process is 205, 220 and 166 time steps respectively. The evacuation efficiency is the highest in the third layout mode and the lowest in the second layout mode.
[image: ]
Fig. 5-6 change curve of the remaining number of people with time in three guide sign layout scenarios
The change curve of the time required for the evacuation of the downlink people with the familiarity of the environment under the three guidance sign layouts is shown in Fig. 5-7（Pedestrian density ）. Under the three layout modes, the time required for personnel evacuation decreases with the increase of environmental familiarity, that is, the higher the environmental familiarity of personnel in the scene, the faster the personnel evacuation. When the environmental familiarity is the same, the evacuation speed of the guide sign layout 3 is the fastest, while the evacuation time of the guide sign Layout 1 and the guide sign layout 2 is not much different. With the increase of the crowd's familiarity with the environment, the time gap for evacuation under the three guidance sign layouts decreases, and the higher the crowd's familiarity with the environment, the smaller the difference.
[image: ]
Fig. 5-7 change of evacuation time step with environmental familiarity under three layouts
[bookmark: _Toc72348820][bookmark: _Toc113449405]5.4.2 Number of guidance signs
Since the evacuation effect of guide sign layout 3 is better, this layout is used when studying the influence of quantity. The number of guidance signs was set to 2, 4, 6, 8 and 10 respectively to study the impact of the number of guidance signs on evacuation. The change curve of the remaining number of people in the scene with time under different number of guide signs is shown in Figure 5-6（Pedestrian density , Environmental familiarity ）. When the number of guidance signs is 2, 4, 6, 8 and 10, the time taken for personnel evacuation is 202, 192, 183, 176 and 172 time steps respectively. This shows that under this layout of guidance signs, the more the number of guidance signs, the shorter the time taken for evacuation, and the faster the evacuation.
[image: ]
Fig. 5-8 Change curve of remaining number of people with time under different number of guide signs
Figure 5-9 shows the change curve of evacuation time with environmental familiarity under different number of guidance signs (Pedestrian density ). It can be seen from the figure that under different environmental familiarity, the change trend of evacuation time with the number of guidance signs is the same. When the number of guidance signs is fixed, the time required for personnel evacuation decreases with the increase of environmental familiarity. When the familiarity with the environment is low, the difference in evacuation time is more obvious, and then the familiarity gradually increases, and the difference in evacuation time caused by the number of guidance signs gradually decreases.
[image: ]
Fig. 5-9 change curve of evacuation time with environmental familiarity under different number of guidance signs

Figure 5-10 shows the change curve of the time required for evacuation with the number of guide signs under different pedestrian densities (Environmental familiarity , The range of action of the guide sign is taken as  cells). It can be seen from Fig. 5-10 that the time required for evacuation has the same trend with the number of guidance signs under different pedestrian densities. When the crowd density is constant, the more guidance signs are set, the faster the evacuation rate. From the curve of evacuation time with the number of guide signs under different densities, it can be seen that the change of the number of guide signs has a more significant impact on the evacuation time when the pedestrian density is high. Under the same curve, when the number of guidance signs is small, the increase of the number of guidance signs will greatly reduce the time required for personnel evacuation; However, when the number of guidance signs in the scene is large, the impact efficiency of the increase of the number of signs on the evacuation time decreases.
[image: ]
Fig. 5-10 change curve of evacuation time with the number of guide signs under different personnel densities
[bookmark: _Toc72348821][bookmark: _Toc113449406]5.4.3 Scope of guidance signs
Based on the guide sign layout 3, change the action range of the guide sign, and get the change curve of the remaining number of people in the scene with time under different action ranges of the guide sign through simulation（Pedestrian density , Environmental familiarity ）, As shown in Fig. 5-11. It can be seen from the figure that when the radius r of the guidance action range is 5-10 cells wide, the time required for evacuation in the scene is 166, 161, 136, 119, 117 and 116 time steps respectively. And the larger the scope of action of the guidance signs, the shorter the evacuation time. The increase of the scope of action of the guidance signs improves the evacuation efficiency.

[image: ]
Fig. 5-11 change curve of the remaining number of people with time under the action range of different guidance signs
Figure 5-12 shows the change curve of the time required for personnel evacuation with environmental familiarity under the action scope of different guidance signs（Pedestrian density ,） Under the same scope of action, the time required for personnel evacuation decreases with the increase of environmental familiarity, and it is most obvious when the environmental familiarity is low. Comparing the curves of different guidance action ranges, it can be seen that under the same environmental familiarity, the larger the guidance action range, the shorter the time required for personnel evacuation in the scene. When the pedestrians are familiar with the environment, the influence of the guidance scope on the evacuation efficiency is gradually reduced.
[image: ]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Fig. 5-12 change curve of evacuation time with environmental familiarity under different guidance signs
Fig. 5-13 shows the change curve of the time required for evacuation with the guidance action range under different pedestrian distribution densities（Environmental familiarity ）. It can be seen from the figure that, when the population distribution density is constant, the influence of the increase of the guiding action range on the evacuation time becomes smaller and the curve gradually becomes smooth. When the guiding range is fixed, the higher the initial pedestrian density, the longer the evacuation time. In addition, the impact of the increase of the guidance range on the evacuation time under different personnel distribution densities is also different: when the pedestrian distribution density is low（For example, the distribution density of personnel is: ）, When the guiding action range exceeds 8 cells, increasing the guiding action range does not significantly reduce the evacuation time; When the personnel distribution density is high（For example, the distribution density of personnel is: ）, When the guiding action range exceeds 7 cells, increasing the guiding action range will not significantly reduce the evacuation time. This is because when the population density in the scene is low, the width of the evacuation exit can basically meet the needs of personnel evacuation. There is no congestion at the exit, or the congestion is relatively mild. The overall evacuation time often depends on the last evacuated pedestrian. If there are more pedestrians outside the guidance range, the evacuation time will be longer. However, when the density of people in the scene is high, the evacuation exit with a large number of people in the scene will be congested, and people need to queue up to pass through the evacuation exit. The size of the exit restricts the evacuation efficiency. At this time, the length of the evacuation time depends on the number of people in the scene, and the influence of guidance will be weakened.
[image: ]
Fig. 5-13 change curve of evacuation time with guidance action range under different personnel density
[bookmark: _Toc72348822][bookmark: _Toc113449407]5.4.4 Guidance identifiability
[bookmark: _Hlk64203809]Guidance identifiability refers to the probability that pedestrians can correctly receive guidance information and follow the guidance instructions when they are within the influence range. Symbols for guiding identifiability  Indicates that the value range is [0, 1]. Figure 5-14 shows the change curve of the time required for personnel evacuation with environmental familiarity under different guidance identifiability（Pedestrian density ）. It can be seen from the figure that when the guidance effectiveness is constant, the time required for personnel evacuation decreases with the increase of environmental familiarity, and the higher the environmental familiarity, the less obvious the reduction of evacuation time. Under the same environmental familiarity, the higher the identifiability of guidance signs, the higher the efficiency of personnel receiving guidance, and the shorter the evacuation time. When the environmental familiarity is high, the difference in the time required for evacuation under different guidance effectiveness gradually decreases.
[image: ]
Fig. 5-14 change curve of evacuation time with environmental familiarity under different guidance identifiability
Figure 5-15 shows the change curve of the time required for evacuation with guidance identifiability under different personnel densities（Environmental familiarity ）. When the density of people is constant, the evacuation completion time accelerates with the increase of the identifiability of guidance. Improving the identifiability of guidance signs in daily management can improve the evacuation efficiency. In addition, when the guidance identifiability is low, the impact of improving the guidance identifiability on reducing the time required for evacuation is more obvious. Under different densities, the relationship between the time required for evacuation and the guidance identifiability tends to be the same and the change is more uniform, showing a gradual and gentle trend.
[image: ]
Fig. 5-15 change curve of evacuation time with guidance identifiability under different pedestrian densities
[bookmark: _Toc72348823][bookmark: _Toc113449408]5.5 Summary of this chapter
[bookmark: _Hlk113306042]In this chapter, several factors affecting the guidance function: the layout of guidance signs, the number of guidance signs, the scope of guidance signs, and the recognizability of guidance signs are collectively referred to as the effectiveness of guidance signs. Based on simulation, the effects of these factors on evacuation are studied. The simulation results show that there are differences in the evacuation efficiency under different guide sign layouts, and the evacuation efficiency of guide sign layout 3 is better than that of guide sign Layout 1 and guide sign layout 2; Under the same layout of guidance signs, the more the number of guidance signs and the larger the scope of action, the shorter the time taken for personnel evacuation, and the higher the efficiency of personnel evacuation. When the number of guidance signs and the scope of action of guidance signs reach a certain extent, increasing the number of guidance signs or the scope of guidance has a limited impact on improving the efficiency of personnel evacuation; Improving the identifiability of guidance signs can improve the evacuation efficiency, but when the identifiability of guidance is high, improving the identifiability of guidance does not significantly improve the evacuation efficiency.

[bookmark: _Toc113449409]6. Research conclusion and reflection
[bookmark: _Toc113449410]6.1 Conclusion
In this paper, the cellular automata model is used to simulate the evacuation problem, and the difference between the cellular automata and the classical cellular automata is compared in the situation of falling objects in the earthquake. The local panic behavior caused by falling objects can accelerate the evacuation process to a certain extent, but it is not significant. In general, the greater the safety distance between pedestrians and falling objects, the longer the distance they need to avoid falling objects and detour, and the longer the evacuation time is. When the crowd density is 0.2 and 0.3, the impact is most obvious due to the limited evacuation efficiency of the exit. The crowd density continues to increase, the scene is overcrowded, and most pedestrians can follow the pedestrians in front to evacuate continuously, which weakens the impact. In order to prevent the occurrence of sudden accidents, the flow limit of everyone in the scene should be controlled under appropriate conditions. The closer the falling object is to the exit, the more pedestrians will be affected, and the impact on the evacuation time will be more obvious. With the increase of crowd density, the evacuation rules of different falling objects are basically the same. In order to ensure the rapid evacuation of personnel, first of all, various structures at the exit should be reinforced, and the arrangement of various lifting pieces and other objects near the exit should be reduced. Secondly, the number of people accommodated in the scene should be strictly controlled to ensure the smooth evacuation passage. Finally, the exit width should be appropriately increased, and certain evacuation signs and broadcasting should be set up in the scene to give some guidance to the confused crowd and improve the evacuation efficiency.
In view of the panic and blind movement of people in sudden situations and the contribution of guidance signs to the improvement of evacuation efficiency by previous scholars, several factors affecting the guidance role, such as the layout of guidance signs, the number of guidance signs, the scope of action of guidance signs, and the identifiability of guidance signs, are collectively referred to as the effectiveness of guidance signs. Based on simulation, the effects of these factors on evacuation are studied. The simulation results show that there are differences in the evacuation efficiency under different guide sign layouts, and the evacuation efficiency of guide sign layout 3 is better than that of guide sign Layout 1 and guide sign layout 2; Under the same layout of guidance signs, the more the number of guidance signs and the larger the scope of action, the shorter the time taken for personnel evacuation, and the higher the efficiency of personnel evacuation. When the number of guidance signs and the scope of action of guidance signs reach a certain extent, increasing the number of guidance signs or the scope of guidance has a limited impact on improving the efficiency of personnel evacuation; Improving the identifiability of guidance signs can improve the evacuation efficiency, but when the identifiability of guidance is high, improving the identifiability of guidance does not significantly improve the evacuation efficiency.
[bookmark: _Toc113449411]6.2 Reflection and summary
The development and spread of disasters and secondary disasters in a certain scenario are diverse. A certain simulation can not completely restore the actual situation, but can only provide certain guidance and predictive opinions for daily safety management. In a specific scenario, the evacuation needs still need specific analysis of specific problems. The simulation result of the model is a two-dimensional image, and the visualization effect is not as strong as that of the three-dimensional model. However, compared with other models, cellular automata has stronger initiative. It can code and change its mechanism according to wishes and needs, which has certain advantages over professional simulation software such as Pathfinder.
Due to the limitations of space and research time, the simulation factors are not comprehensive, and there is a lack of comprehensive research on various phenomena. There may be some subjectivity in the interpretation and Simulation of certain phenomena. Even if these subjective analyses are scientifically based and empirically verified, there may be some differences in the degree of fit in different scenarios. It may also have different degrees of influence in the fitting of different simulation factors. In terms of the current research status of the evacuation problem, there are many relevant studies on various influencing factors, which are relatively rich and comprehensive on the whole, but there are few comprehensive studies (there are many factors, and the complexity and difficulty are also inevitable). Future studies can strengthen the integration of theory and practical applications, package various factors from the software development perspective, and have certain editing and development functions, Develop a comprehensive and programmable simulation software for complex evacuation. But it still takes a long time.
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