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1. Topic and source of the selected topic
Title: Impact of evacuation mechanism and conformity factors in fire scenario based on cellular automata model- -Taking commercial complex as an example
Subject source: self-optional
2. [bookmark: _GoBack]Introduction 
In recent years, with the rapid development of China's national economy and the continuous progress of society, security issues are also increasingly concerned and attention by the people. The occurrence of construction fire accidents causes huge losses to the safety of public life and property and national property, and effective emergency evacuation is an important measure to reduce personal casualties. 
Fire accident belongs to the category of emergency, which inherits the complexity, danger and destruction of emergency.For example, on September 29, 2019, an employee of a daily necessities company in the city of Ningbo in China ignored a fire extinguisher and mistakenly used fire fighting methods to delay the fire extinguishing time, killing 19 people and injuring 3 others. On December 17, 2018, eleven people were killed and one was injured in in the city of Shangqiu in China, conducting gas welding operations without fire-fighting facilities. The study of emergency evacuation is to timely and effectively to reduce casualties and property losses.
In the 1930s, the United States published a series of evacuation theory research results, covering a variety of large public buildings, such as theaters, office buildings, etc. It was not until the 1970s and 1980s that the US federal government increased its investment in various fire fire research projects [1]. Canadian scholar J.L.Pauls pioneered the 'acting method', which was used in order to observe people evacuation on stairs in 1968 and became one of the main research methods. In the 1970s in Japan, a scholar Shen Zhongjiu quantitatively studied the influence of flue gas on human behavior, and Professor Horichi of Kyoto University used quantitative theory in behavioral statistics [2].
In the mid-1980s, the emergency evacuation study entered the computer simulation stage. Simulation software and VR virtual technology have become the important auxiliary tools in evacuation research. As shown in Table 1, through the study of 30 documents from 2019 to 2021, it is found that 70% of domestic and foreign researchers use computer technology, in real scene modeling, simulate evacuation behavior, evacuation path selection and optimization, etc. At present, the widely used software is: (1) Pyrosim and Fire Dynamics Simulator (FDS) are applied in building modeling and fire numerical simulation; (2) Pathfinder can directly set personnel parameters and introduce building models to simulate the evacuation process; (3) MATLAB and Python use programming to establish evacuation scene and evacuation model to visualize the evacuation process.
The current fire scene emergency evacuation research involves a wide range of contents and forms.
(1) In terms of the evacuation places, it can be divided into internal evacuation of public buildings, such as subway, shopping malls and terminal buildings, internal evacuation of specific buildings, namely residential, office areas, teaching buildings and library, special area evacuation, like hospitals, apartments for the elderly and kindergartens.
(2) From the perspective of evacuation model, it can be divided into macro evacuation model and micro evacuation model. With the help of fluid dynamics, the overall movement characteristics of pedestrians, congestion problem and cluster phenomenon are mainly including gas dynamics model, route selection model and queuing model. The limitation is that it ignores the difference of individual pedestrians, and only applies to large-scale group research. In contrast, more scholars use microscopic models. The model considers individual behaviors such as pedestrian individual attributes, environmental perception, group social relationship, and decision-making process, with details in place and more perfect expression in pedestrian interaction and relationship. Common microscopic models include the social force model and the cellular automata model [3].
3. Literature Review
At present, many scholars have done a lot of research on emergency evacuation. Ru Zhou [4] et al divided subway pedestrians into three categories, namely panic, luggage and ordinary people; introduced their movement characteristics into social force model, simulated the panic in direct channel, single exit square room and bottleneck, and compared the evacuation time with pathfinder software. The interaction between the panic and the baggage behavior at the evacuation bottleneck greatly increases the evacuation time. Li[5] et al. set up 8 sets of simulation scenarios for the subway carriages, and used MassMotion software to evaluate and analyze the evacuation exit effectiveness, waiting time and evacuation method. Zheng[6] et al. added panic coefficient to the static field to study the effect of evacuation number, emergency location, panic on evacuation speed and number of casualties. The location and development of emergencies have a direct impact on the evacuation process and events. 42 people used VR to simulate the evacuation behavior of 15 scenarios at three smoke densities, and surveyed the risk tolerance of participants, and made binary logistic regression on risk preference and the influence of neighbors' influence on path choice at different smoke concentrations[7]. Latosinski[8] et al. observed the performance of children aged 0 to 3 years with teacher-assisted evacuation, and found that self-protection was associated with age during evacuation. Song[9] et al. considered whether the pedestrian crossed the obstacles in the cellular automata model, and studied the relationship between the initial population density and the evacuation time.
In the past three years, scholars have focused on fire evacuation on various influencing factors and model improvement research . The author will summarize the research status from these two aspects and put forward the prospect for the future research development.
3.1 Influencing factors
In emergency cases, the orderly or disorderly evacuation of personnel and the environment in the process of fire development are dynamic changes. The study of environmental environment and personnel psychological factors are the basis of evacuation research.
Huang[10] et al. studied the factors influencing evacuation speed in the elderly at different smoke densities, and found that factors such as height, age and sex determine the initial speed of the elderly, and that different smoke concentrations have different effects on speed. Li[11] and others artificially explored the impact of personnel on the evacuation during the emergency evacuation. By testing 51 people on the 2nd to 8th floors of residential buildings, they found that the speed of the smoke exceeded the smoke smoke. Du[12] et al. proposed the fall risk index considering behavioral and environmental factors, which quantitatively evaluated the comprehensive fall risk index in apartment homes based on the Agent model. Chen[13] et al. conducted stair upward and downward evacuation experiments in 140 college students, quantitatively studied the effects of different visibility on sex and movement speed, and found that visibility had a greater effect on the evacuation speed of women than men. Bao[14] et al. used the social force model to study the impact of leader attraction on the evacuation of multi-exit venues, and found that the setting of multi-exit venues was not less than the exit efficiency.
Chen[15] et al. considered the panic factors based on the cellular automata model, introduced the panic coefficient in the static field, attack threat and herd field, and studied the characteristics of evacuation behavior, evacuation time, number of successful evacuation and the initial position of attackers with different panic coefficients. Yuan[16] and others detailed for fire environment under the incentive mechanism of physiological and psychological dual potential, and quantified the body in the evacuation process by incentive mechanism potential value of 59%, improved the human body tolerance limit, relatively extended available safe evacuation time, and Suggestions for fire safety education can effectively stimulate people's desire to escape, improve the potential value. Xie[17] et al. divided evacuees into individuals and groups to study how leadership and following behavior between people in different visibility affects evacuation behavior characteristics. Based on the agent perception system, Liu[18] et al. simulated the driving force and export attraction for following, conformity and attachment behaviors. Chu[19] et al used Pathfinder to simulate commercial complexes, studying the relationship between individual differences such as response time, body size and evacuation speed and evacuation time, and obtaining the normal distribution function. Wang[20] et al. established a Logistic regression model based on the comprehensive influence of psychological factors and individual characteristics on evacuation behavior, and obtained the fitted equation.
The factors affecting the evacuation behavior and process in the evacuation process are classified, mainly including psychological factors, environmental factors and other factors. Some scholars comprehensively consider various factors to study the influence of mixed factors on the evacuation process and behavioral characteristics.
3.1.1 Psychological factors
For personnel psychological and human factors, most scholars consider panic degree, herd behavior, herd behavior, environmental familiarity, etc., and a small number of scholars suggest that leader attraction, herd effect, exit selection probability, and pedestrian exit target selection factors affect the evacuation speed.
No matter in individuals or groups, once an emergency occurs, there will be tension. With the deterioration of the event and the fermentation of the environment, the aggravation of the tension becomes panic, and the infection rate of bad emotions is very fast, which eventually causes panic among all staff. According to each person's understanding of the disaster, age, behavior ability, and the number of evacuation drills and the degree of panic are different, and the degree of panic will also change over time[21]. Wang believes that panic is a negative emotion in a sudden crisis situation, which will lead to a series of high-risk sexual behaviors like [22]. They used the Baker anxiety scale in subway stations to collect data and make the validity analysis of the scale, and concluded that the degree of accident severity, group convergence effect and fire information identification ability all affected the group panic to varying degrees, and the severity of the accident is the most important factor. Chen[15] et al. found that panic does not necessarily produce negative emotions. When the degree of panic is within a certain threshold, appropriate panic will prompt rapid evacuation, stronger initiative, and automatically find the optimal evacuation route. However, after the degree of panic exceeds a certain range, pedestrians will have irrational behavior, such as blind conformity. Zheng[6] et al. added panic coefficient to the static field based on the cellular automata model to simulated the effect of panic on evacuation speed and casualties. The comparison between Experiment 3 and Experiment 4 showed that panic led to more casualties.
In the process of safe evacuation, the movement direction of individuals accords to the maximum proportion of the number of people. Li[23] et al. introduced tension improved social force model, determined the final pedestrian exit target by considering exit selection and conformity behavior, and established panic canteen evacuation model. Fu[5] et al. set no neighbors, 2 neighbors and 4 neighbors to compare scenes in VR experiment, and found that neighbors choose dangerous path behavior will affect participants' path choice, reflecting the blind choice of pedestrians in evacuation process to keep consistent with most people.
Due to the existence of social relations, conformity behavior and other aspects, in emergency cases, individuals will choose to evacuate together because of some connection to form a group evacuation form, and individuals will affect the overall evacuation behavior. So group behavior is also an important factor affecting the overall evacuation. Li[24] et al. conducted field observation of the hospital pediatrics department, grouped them according to family units, and analyzed the group and overall evacuation time, waiting time and space utilization under normal state and emergency states. It is found that group size and shape changes, which release more available space to improve evacuation speed. However, Wei[25] et al. used the optical flow algorithm to study the interpersonal distance and average speed between the group members, and the results showed that the existence of the group had a negative impact on the evacuation. With the increase of the number of evacuation and the group, the evacuation speed significantly decreased.
Many practices show that the familiarity with building scenes is also one of the important factors affecting the evacuation process. Song[26] et al. introduced familiarity parameters into the cellular automata model, which limited pedestrians with different familiar situations according to who move randomly, following others and following the guide movement, and studied the role of familiarity and guide signs in evacuation. The study found that with the environmental familiarity increasing, the evacuation time decreases with the guidance effectiveness. Chen[27] et al. conducted an evacuation experiment without people's knowledge, and investigated whether they chose the evacuation and their reasons during the evacuation process, and the related factors affecting their decision. As a result, they found that the herd effect and exit familiarity were also the reasons affecting people's evacuation. In article[28], there are similar findings: high familiarity groups are familiar with the evacuation scene according to the shortest evacuation path, and the total evacuation time is short.
At the same time, due to the existence of panic, crowd behavior, group evacuation and environmental familiarity, the evacuation process is naturally accompanied by leader attraction, herd effect and other characteristics. Ding[29] et al. observed in Experiment 2 that when there was a safe and smoke-free path, the followers still chose to follow the leader to evacuate from the smoke-state path. Literature [24] holds that each family group has one member as a leader, such as fathers, while the other members are followers, and that the shape of the groups changes during the evacuation because the follower is closely watching the leader. Literature [15] believes that herd behavior is very common in the evacuation process, especially when pedestrians panic, pedestrians are prone to lose their opinions, relying on the leader and follow their actions. It also shows the herd effect in the eight mobile directions in the cellular automata model. The herd farm weight reflects the willingness of pedestrians to follow the crowd. If the herd farm weight increases, pedestrians will blindly follow the crowd. Chen[27] applied herd effect in model simulation, and found herd effect can simplify the decision-making process and improve the evacuation speed. However, due to the herd effect, the imbalance of evacuees from the two exits can cause low evacuation efficiency.
Scholars have studied the impact of other psychological factors on the evacuation process. Based on the meso pedestrian dynamic model theory, Tan[30] et al. quantitative analysis includes the optimal range of psychological factors and parameters of shortcut psychology, dependence psychology and fluke psychology, and thus found that moderate dependence psychology is helpful to crowd evacuation. Zhang[31] et al. studied the psychological disaster avoidance parameters, and proposed the path optimization method based on A * path finding algorithm to improve the disaster dynamic change while considering the psychological disaster avoidance factors. In most literature [14][15][32][33][34], including the simulation software Pathfinder, all show individuals tend to be closer to their exit to escape. According to this preference, it is easier to cause a large number of congestion of safe passageways and reduce the evacuation efficiency. But in literature [27], people chose their usual exit evacuation rather than the recent or least crowded exit. The target selection of pedestrian exit is the final escape exit determined according to various psychological factors.
Psychological factors are originally complex, interactive, and have individual differences. For studying the overall evacuation process at the macro level, it is suggested to ignore individual differences, quantify the influence of different psychological factors, and reflect the differences in quantity. When studying individual behavior, the characteristics of individuals in evacuation can be combined with the differences of individual and average situation.
3.1.2 Environmental factors
Under fire scenarios, environmental factors mainly include flue gas, temperature, fire products, visibility and obstacles.
Pyrosim can track and record the fire development process, and verify that the temperature, visibility, CO volume fraction and flue gas layer are the main factors affecting personnel evacuation [35]. Ye[36] et al. studied the fire products of CO, CO2, temperature, visibility on evacuation simulation and numerical simulation, introducing the concept of evacuation speed coefficient, and analyzed the impact of spray intensity and the smoke rate on the evacuation speed coefficient, found that considering the fire products evacuation time is longer, and even may fail, also get the effect of smoke exhaust to promote evacuation is far better than the conclusion of spray. Literature[16] proposes that the incentive mechanism can improve the tolerance limit of fire products by mobilizing the human potential, delay the life-threatening time point, and indirectly improve the evacuation efficiency.
Combustible produce a large number of solid particles and other gas phase products and associated droplets, collectively known as flue gas [36].
The strong black smoke of the combustion process contains large numbers of solid micro-particles. The greater the fire heat release rate is, the faster the flue gas diffusion rate is[37]. The particles are suspended in the air to form a flue gas layer, and the particle density at different heights is different, and the particle density at the same height in a certain local space is equal.
Liu[38] gives the definition of the safety height of the flue gas layer and generally meets formula (1).

        (1)
Namely, Hs for clear height, m; Hp for personnel average height, m; Hb for building interior height, m; Hc for dangerous critical height, m.
Literature[35]found that in the 3.3m burning room, the height of the flue gas layer decreased rapidly, but eventually stabilized at the height of about 1.4 m. Therefore, maintaining the evacuation at a low height during the escape can reduce the damage caused by the temperature.
The combustion process will not only produce a lot of black smoke, but also produce a large number of toxic gases, such as CO, sulfide and other[16]. CO is a colorless, tasteless toxic gas, which is easier to bind to hemoglobin in the blood than oxygen. Therefore, in the condition of fire, it is easy to lead to poor hemoglobin and oxygen binding, arterial blood hypoxia, brain hypoxia causes dizziness, nausea and other symptoms, and serious will also lead to death[36].
Literature[36] gives the extent of different volumes of CO in humans, as shown in Table 2. Literature[16] indicates that the incentive mechanism can increase the limit by 59% and increase the limit of CO concentration of toxic gases from 0.25% to 0.4%.
Table 2. Degree of CO on human body[36]
	( CO) / %
	Human reaction symptoms

	0.05
	Human body exposure had little effect for 1 hour

	0.1
	Uncomfortable after 1 hour of exposure

	0.5
	There is a risk of death after between 20 to 30 min

	1.0
	Death occurred after 1~ 2 min 


The fire heat release rates of different combustible materials are inconsistent. According to ISO / TS 16733, Fire Safety Engineering Part 4: Setting Fire Scene and Setting Fire Selection, and  NFPA 204-2012 from American Fire Association,, Smoke Fire divergent Standard, t2 fire types are divided into four types, namely, extremely fast, fast, medium speed and slow speed, see Table 3.
Table 3. t2 Standard Fire Development Types
	Type of fire growth
	Fire growth coefficient
	Time / s when the heat release rate reached 1 MW
	Combustion materials

	 extremely fast 
	0.187 6
	73
	Methanol, fast-burning soft-padded seats

	fast
	0.046 9
	146
	Plastic foam, stacked wooden boards, mail bags, etc

	 medium speed 
	0.011 7
	292
	No-cotton products, polyester mattress

	 slow speed
	0.002 9
	584
	-


The default value set in the literature[39], the maximum safety temperature of human body at the characteristic height of 1.6 m human eye is 60℃, and the maximum safety volume score of CO for human body is 250×10-6. Guo[40] et al. applied PyroSim fire simulation software to study environmental factors under three specified working conditions in a library, including temperature, CO volume fraction and the time taken by visibility to reach the safety threshold. The flue gas threshold value was set as: the temperature reaches 60℃ at 2 m from the ground, and the CO volume fraction is 500×10-6. Literature[36] shows normal tolerance for different temperatures in Table 4.
Table 4. Effect degree of temperature on human body [36]
	ambient temperature/℃
	People endure time/min

	50
	＞60

	70
	60

	100～ 130
	15

	200～ 250
	5


Solid particles suspended in the air in a fire are the main cause of reduced visibility. Limited line of sight poses a great challenge to safe evacuation. The black smoke produced by fire leads to low visibility not only reduces the evacuation efficiency, but also affects the decision making and action process[17].
Guo[40] et al. simulated a comprehensive library, and finally found that the spread of fire flue gas seriously caused the visibility decline, causing the greatest threat to the personnel in the library. In the study of the relationship between visibility and evacuation efficiency, Bao[14] et al. found that when visibility is low, evacuation time decreases as visibility increases, but when visibility reaches about 8 meters, visibility is no longer a factor affecting evacuation efficiency. Chen[13] et al. tested the experimenter on four visibility stairs and concluded that as visibility decreased, evacuation time increased first and then gradually equal.
In addition to fire products and visibility, the size and shape of obstacles, spatial layout and obstacles among pedestrians are also one of the factors affecting evacuation.
Yi[41] et al. for large shopping center exit obstacles, according to different number, shape and position, studying evacuation congestion and evacuation time, found that circular or linear obstacles, personnel more concentrated congestion in square obstacles exit position, and suggest that large shopping center at the exit layout should be given priority to with exit on the sides, to assist personnel evacuation in time. When the obstacle can be crossed, people choose to cross the obstacle for evacuation to improve the overall evacuation speed [9]. Yang[42] regards the evacuation personnel in the corridor and the room as a whole. When there are rooms on both sides of the corridor, the corridor width should be set wider to meet the evacuation requirements. Hao[43] et al. improved the cellular automata model, introducing the delay coefficient to describe the obstruction caused by obstacles to pedestrian movement, and representing the shortest evacuation distance to avoid obstacles by hinge and nodes.The simulation found that the evacuation time is mainly determined by the narrowest series bottleneck chain.
3.1.3 Other factors
In addition to the above psychological and environmental factors, there are also scholars in some other aspects of the related research. Li[44] et al. simulated 12 scenarios of existing building fire fighting facilities under the subway depot, and found that opening the smoke prevention and exhaust system inhibited the sinking speed of flue gas. Wang[45] et al. explored the impact of fire visibility, fire alarm content differences, gender, occupational background and fire safety training on the fire pre-action time of personnel in underground commercial buildings.
3.1.4 Factor thinking
In emergency cases, pedestrians have a stress response on the basis of normal state, but [27] will largely be affected by usual habits.So far, few scholars have studied what habits affect decisions in emergencies, and they can think in this direction in the future.
Various psychological factors do not exist alone and do not interfere with each other. For example, people with conformity behavior can easily follow the leader to choose the same path, leading to congestion and herding. In addition, the conformity behavior is also related to the leader attraction, which jointly affects the pedestrian evacuation decision. Secondly, pedestrians' low familiarity with the environment is also the reason for conformity behavior. Therefore, when studying the influence of psychological factors on personnel evacuation, the various factors cannot be simply separated, and the psychological related principles should be used to find the mutual relationship.
The impact of environmental factors on evacuation can be either dynamic or constant. With the evacuation process, the impact of fire products and temperature on people's evacuation changes with the change of the fire. However, compared with psychological factors, environmental factors are more objective, and its constant is also reflected in the material, location and objective existence of obstacles in the environment of fire directly determine the extent of the impact of fire on evacuation. It is suggested that each unit can formulate reasonable emergency plans conforming to the actual needs according to the architectural design, materials and layout during the emergency management.
The influencing factors are complex and diverse. Scholars qualitatively found the connection between various factors and evacuation, but did not give relevant quantitative relationships, so different scenarios and different combinations of factors should be studied as different innovation points. Future scholars can consider to quantitatively study the impact of related factors on evacuation, and can find the positive factors and negative factors on evacuation according to the quantitative relationship, which has a positive role in putting forward evacuation suggestions.
3.2 Model study
Pedestrian power has the characteristics of pedestrian movement randomness and the diversity of influencing factors. The pedestrian evacuation model is roughly divided into two kinds, macroscopic model and microscopic model [15]. The macroscopic model is the medium that compares humans to continuous flow, and which studies the overall motion characteristics of pedestrians, such as congestion problems and clustering phenomena. This model mainly includes gas dynamics model, route selection model and queuing model [46], which is limited by ignoring individual pedestrian variability, not conforming to the reality, and is only suitable for large-scale population studies. In contrast, more scholars are currently using microscopic models to evacuate personnel. The microscopic model considers the individual attributes of pedestrians, environmental perception, group social relations and individual behavior [46] of decision process, which has better detail processing and more perfect expression in the interaction and relationship between pedestrians. The most common microscopic models currently include the social force model and the cellular automata model.
3.2.1 Social force model
By introducing the concept of ‘social force’, the social force model expresses the differential equation of the self-expectations of pedestrians, force from other people and obstacles through Newton's second law[47]. The mathematical expression is shown in equation 2 [14].

       （2）   
Including: expectation force[image: ]; interaction force between people[image: ]; interaction force between people and wall[image: ].
In improving the social force model, Bao[14] et al. considered the situation of ordinary individuals unfamiliar with the venue structure, and expressed the attraction of leaders to individuals in the scope of influence in the index form. Zhou[4] et al. considered the subway station pedestrians' expected speed estimation deviation due to the luggage, improving the expected force in the social force model to prevent collisions during evacuation. Li[48] et al. expressed the effect of uneven topography on walking comfort in a social force model, and the interaction force is related to the potential height difference and topography between the current position and the nearest step expected to be walked. The model accurately simulates the spatiotemporal pedestrian dynamics on stairs and reproduces the human-stair geometric interaction to produce realistic microscopic velocity oscillations. Xie[49] et al. conducted the group effect study based on the social force model, considered the leadership within the group, and analyzed the evacuation time, time interval, group shape and aspect ratio of different large groups. The study found that the group effect plays a positive role on crowd evacuation, and individual evacuation takes more time than group evacuation.
3.2.2 Cell automata model
The cellular automaton module is a model used to simulate the crowd evacuation. The model contains cells, neighborhoods, and renewal mechanisms. The cell also contains the space and the state, all the building space can be represented by the cell, whether the cell is occupied by pedestrians or obstacles. Neighborhood is the spatial range in which pedestrians influence each other. The renewal mechanism is the movement rule of pedestrian evacuation. Cellular automata models have the ability to simulate the spatiotemporal evolution of complex systems[47].
The classical cellular automata model considers both static and dynamic fields, and the cellular movement probability formula is expressed as equation 3 [50]:

       (3)

Formula: N is normalization coefficient; [image: ]and [image: ] is the cell state parameter, if the cell is occupied by a wall or obstacle, [image: ]=1, otherwise [image: ]=0; if the cell is occupied by pedestrians, [image: ]=0, otherwise [image: ]=1; [image: ]is static field parameter; [image: ]is static field; [image: ]is dynamic field parameter; [image: ]is dynamic field.
Based on the cellular automata model, Gao[51] et al. improved three improved models considering personal behavior, corresponding time and abnormal behavior. The simulation process was compared with the actual office experiment process, and found that most pedestrian escape paths were related to the distance from the exit, and some people's escape routes were consistent with the usual working route. Yang[42] and others added the influence coefficient of people subject to the flow direction of the corridor to the cellular automata to study the width of different corridors, whether there are rooms on both sides and the number of rooms. The experiment found that the corridor width was negatively correlated to the evacuation time in a certain range. Ren[52] et al. increased the ability to attract pedestrians to the exit based on the pedestrian density near the exit to the cellular automata model, and found that the global evacuation efficiency could be effective by controlling the local population density. Zou[53] et al. introduced local density fields, avoidance rules and movement priority into the cellular automata model. Since wheelchair users preferred the general patients and ordinary people avoided the patient mechanism, the overall evacuation time was improved. Chen[54] et al. believe that pedestrian evacuation decision is jointly influenced by pedestrian convergence field, exit field and fire source field, and it is combined into the cellular automata model. The experimental phenomenon and results show that this model can better show the influence of environmental and psychological factors on pedestrian evacuation process under the threat of fire source. Polarati [33] et al. established a cellular automata model considering five factors: export attraction, conformity attraction, human repulsion, friction and fire repulsion, and studied the impact of cinema exit setting, layout and number of viewers on personnel evacuation by quantifying the approaching movement intensity. Song[50] et al. introduced avoidance behavior into the cellular automata model, studied the influence of avoidance behavior on the evacuation process, and obtained the relationship between different avoidance probability and different population density, the proportion of different shelters and the initial position of the shelters. Based on the cellular automata model, considering the non-risk effect and inertia effect. Zhuo[32] et al. studied the obstacle evacuation scene of single room and two doors, and improved the model again for the unreasonable round-trip phenomenon.
3.2.3 Model thinking
Models are tools used to study various influencing factors, decision-making processes, and behavioral characteristics. Find out the advantages and disadvantages of each model, develop new functions, and overcome its own limitations to provide new ideas for model improvement.
The social force model can better simulate some common phenomena, such as congestion and herd behavior, but there is also the problem of too much computation. Although the cellular automata model has unique ways in expressing the characteristics of individual evacuation behavior and the decision-making process, the individual influence range is limited in the model due to neighborhood limitations, which is not consistent with the real evacuation process. For example, in reality, when individuals see an obstacle in the line of sight, they will automatically adjust the direction Angle to avoid obstacles. Scholars may consider improving the Moore community and renewal mechanism to fit the reality.
There are many influencing factors and characteristics that can be improved in the process, and theoretically, there are improvement strategies in each aspect.However, according to the above scholars' research and path optimization of evacuation factor model, the relevant strategies are relatively few.In the future, constructive suggestions can be put forward in all aspects and summarized to provide a basis for architectural design and evacuation management.Secondly, it is necessary for high-rise building elevator coordinated stair evacuation, but how to coordinate can be further developed in both strategy and technology.
4. Research objectives and key issues to solve
4.1 Research Objectives
(1) Explore the movement mechanism of the evacuation process under the influence of conformity factors in the fire scene;
(2) Quantify and study the influence of the personnel conformity factor coefficient on the evacuation process in the fire scene;
4.2 Key issues to be solved
(1) From the perspective of fire severity, explore the relationship between conformity factors and evacuation process, and define the conformity influence coefficient.
(2) According to the simulation experiment results, explain the influence of conformity factors on the evacuation strategy and speed, and put forward the corresponding opinions and suggestions.
5. Proposed research method
This study aimed to quantitatively analyze the effects of human evacuation mechanisms and conformity factors in the fire scenarios of commercial complexes based on the cellular automata model. Based on the literature survey method, the simulation experiment method and the data analysis method are adopted. The following is a brief description of the research method.
(1) Literature investigation method. Literature investigation method is a relatively independent method gradually formed in the field of historical research. Through the study of literature, a scientific understanding of the existing factual research is formed, so as to understand the research status quo and the urgent problems to be solved, and further explore the research methods of educational phenomena.
(2) Simulation and experiment method. Simulation experiment does not have the necessary equipment in the ordinary sense, but uses simulation software to simulate the realistic effect on the computer, and using software simulation of experimental conditions is a very feasible road. Use the simulation method to simulate the evacuation decision and the evacuation process when the personnel are affected by the herd psychology, so as to compare and analyze the quantitative influence of the herd psychology on the evacuation.
(3) Data analysis method. It will change the problem of multi-factorial factors into multiple univariate problems and change only one of the factors to study the influence of conformity factors on the evacuation process. The main software used in this study is python.
6. Expected research results and innovation points
6.1 Expected research Results
Through the relationship between fire scene, conformity factor influence coefficient and evacuation speed, a master's thesis was completed.
6.2. Innovation points
This paper fully absorbs, draws lessons from and summarizes the relevant research results of previous scholars, and innovates on this basis, and finally forms the innovation of this paper.
(1) Enriched the personnel evacuation mechanism in the fire scene. Further emergency management and other related theoretical system. Under the influence coefficient of conformity factor, the influence mechanism of different conformity factors on the evacuation process was explored, and quantitatively the relationship between conformity influence factors and the overall evacuation speed was studied, and expanded the existing research results.
(2) The results of this paper may not only help the evacuation of fire situations, but also guide the emergency evacuation; help the psychological counseling of government and society, and further promote the safety of the whole society.
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