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 Crowd simulation is the process of simulating characterized agents or entities 
using computer application to analyse it in virtual scene or virtual 
environment. This paper investigates the best route path for agents to act in 
avoiding the fire hazards with different designated type of stairs in shop lots 
that were converted to hostel dormitory for students. 3D social force agent’s 
model and 3D fire hazards were designed in Microsoft Visual Studio C++ 
software and OpenGL library. A research was conducted using social force 
model behaviour and were taken by 10 and 15 agents to analyse the time 

taken to complete the evacuation process. The acceleration produced where it 
is related with route path taken by agents, interaction forces of agents and 
interaction forces of wall are the main research system to analyse agents’ 
behaviour during simulation. Different simulations have been used to 
determine the best and fastest route taken by agents. In summary, the lower 
the number of agents, the lower the time allocated by agents to complete the 
evacuation. Finally, less number of agents using the designated straight stairs 
gave a lower time to complete evacuation process and reached high level of 
security to avoid being exposed to fire hazards. 
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1. INTRODUCTION  
Crowd simulation is the process of simulating some of the characterized agents in interacting with 

the environment and surroundings. It is also known as the dynamic movement involving a large number of 

character and entities. Besides, it is commonly used to create virtual scenes for visual media such as gaming 

interface, crisis training, architecture, urban planning and evacuation simulation [1]. The introduction of this 

crowd also have its own desired motion and behavioural of crowds of people. Furthermore, crowd 

simulations have some techniques in order to know the type of characters being present in the social force 

model [2-3].  

New parameters such as the social force can be related with crowd analysis to interpret the data 

gained about the moving objects. The social force model describes the motion of pedestrians in a crowded 

area resulting from the combination of the desire to reach their destination via the shortest path and some 

interaction forces. This paper aims to realize the simulation of crowd behaviour in three-dimensional (3D) 

making it more immersive to study and observe the crowds’ behaviour. The 3D crowd simulation is one of 
the new crowd simulation technology, introduced in recent years, to give a clearer appearance of agents’ 

behaviour. This paper focuses on simulating the crowd movement at the dormitory above the shop lots, 

which is a common feature in all universities and other higher learning institutions. By focusing on this 
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particular aspect, institution administrators could ideally design, evaluate, and improve dormitory layouts and 

safety features to ensure it meets the minimum safety requirements for emergency egress. 

These shop lots are owned and leased by the universities to fulfil students’ need for groceries, 

stationaries and other items. The structural design of the building and safety features that exist in a shop lot 

area can affect the route path people or agents will take during an evacuation. The best route for agents to 

complete the evacuation process depends on the type of staircase in the shop lot. The type of hazards used 

varies from a simple hazard such as a spreading fire to a more complicated hazard such as smoke propagation 

and added level of toxicity[4].  

There is an availability of working simulation through the real system with real world with 3D-

looking image. The best feature is to create a model and simulation related to the hazard situation [5].  
Visual view shows a clearer picture of the beginning when comparing with a practical view which can reduce 

development time and cost. Through the simulation, students which are acting as agents can be tested in 

realistic scenarios such as in danger and more strategic flow process. The simulation is to describe human 

behaviour in real hazard situations as well as the details of the crowd behaviour modelling method.  

This situation can be done by doing an early preparation by using crowd simulation to avoid tragedies or 

untoward incidents from happening in the dormitory. Therefore, this paper presents a 3D crowd simulation 

evacuation at the hostel above shop lots using the Open Graphics Library (OpenGL). 

 

 

2. LITERATUREREVIEW 

Modelling and simulating crowd evacuation under emergency condition is important as it could be 
used as one of the tool to analyse and assess safety precautions. Currently, there are many simulation models 

in research and development that deal with crowd evacuation. 

Pedestrians have been empirically studied for more than four decades [6-8]. Since the 1990s, there 

have been a fast growing interest in understanding and modelling pedestrian behaviour. One important aspect 

of this is related to crowd management, especially during emergency situations, whereby pedestrians have to 

be routed and evacuated through the building in a fast and efficient manner [9-10]. Classical, qualitative 

manners of flow analysis are no longer sufficient. Therefore, simulation models are needed to optimize the 

proposed infrastructural design and to test and improve crowd management inside an existing or planned 

infrastructure. Pedestrian simulation is a new paradigm to evaluate the outcomes of various designs, controls 

and policies which can be done through mathematical equations or computer programs. It is easy to change 

the layout and rules of facilities within the simulation. Unfortunately, in reality, it is very costly to make such 

a change. Therefore, simulation has been a great tool to experiment many behavioural rules and in creating 
various what-if scenarios.  

Many pedestrian models have been developed in the past decades. Figure 1 shows the organisation 

of pedestrian simulation model. Basically, there are two main approaches: continuous and discrete. 

Continuous approach is used for a long term and steady state effect of the system while the discrete approach 

generates dynamic entities as in real life such as the pedestrians. Discrete approach can be further 

distinguished into two levels: level of interaction and level of assemblage. The former level can be further 

divided into macroscopic, mesoscopic and microscopic while the latter level consists of individual  

(multi-agent) and group of individuals. 

 

 

 
 

Figure 1. Category of pedestrian simulation model 

 

 

Microscopic model is preferable by most of the modeller due to its ability in detailing the interaction 

between the pedestrians themselves and between pedestrians and the environment. This is accomplished 

through a set of parameters and models that produce agents’ intention to move in a certain velocity or 

acceleration [11]. Table 1 presents a summary of the differences between three models under  

interaction level. 
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Table 1. Summary of Pedestrian Model Approach 
Pedestrian Flow 

Models 

Descriptions 

Macroscopic 

models[12] 

 Do not make distinctions between individual nor describe their individual behavior but consider the flow 

in terms of density, average velocity and flow patterns. 

Mesoscopic models  Do not consider each pedestrian individually but instead consider the overriding characteristics (e.g. 

velocity distribution) 

Microscopic 

models[13] 

 Consider individual pedestrian behaviour separately. 

 Behaviour of concern is on the interactions with other pedestrians in the crowd. 

 

 

Helbing and Molnar proposed a method which is called social force. The Social Force Model (SFM) 

is a physical model based on the social field theory. According to them, human behaviours are complicated 

and can be viewed as almost chaotic by numerous parties especially during emergency. The idea behind 

social force is to find a set of basic rules based upon behavioural aspects.  
SFM has been successful in reproducing several collective pedestrian flow phenomena and in 

analysing different characteristics of pedestrian flow. The importance of this model is that it deals 

specifically with panic situations and several simulations of case studies on panic escape from a room have 

been performed [14]. Unlike MFM which have abstract/vague values, the parameters used in the SFM model 

have physical meaning and can be measured. The model is also flexible for simulating both normal behaviour 

and panic behaviour of pedestrians.  

Similarly as in the previous models, SFM has not been validated using real world data for panic 

situations. Besides, the variations in microscopic pedestrian characteristics have not been considered and 

thus, making it insufficient to simulate complex scenarios when route finding is important. In reality, 

pedestrians may formulate better escape strategies such as moving between two other pedestrians to find a 

quieter route which have not been taken into account by this social force models. 
Agent-based models began as a set of ideas and techniques that were used to implement models of 

complex adaptive systems [15]. The basic definition of agent-based is a modelling approach that models a 

system as a set of individual, autonomous and interacting agents. There is no precise definition of an agent 

and some researcher consider any types of independent component to be an agent, while others suggest that a 

component must be adaptive to be defined as an agent. In general, agents are considered to have four 

essential properties: self-contained, autonomous, interacts with other agents and has a state that can vary  

over time. 

Table 2 shows the comparison of crowd modelling technique in terms of individuals/group, level of 

interactions, space and time and also computationally cost. In term of individuals/group, some techniques 

considered pedestrians as homogeneous individuals whereas other techniques viewed pedestrians as 

heterogeneous individuals (groups) based on different characteristics (e.g., gender, age, psychology). In term 

of level of interactions, in some models, pedestrian dynamics is modelled on a microscopic scale where 
collective phenomena emerge from the complex interactions between many individuals (self-organizing 

effects). Whereas, in other models, the pedestrian dynamics is modelled on a macroscopic scale when a 

crowd of pedestrians is considered as a whole [16-18]. 

 

 

Table 2. Crowd Modelling Techniques 
Technique  Individuals / Group  Level of Interactions  Space & Time  Computationally Cost  

Cellular Automata [19] Homogenous  Microscopic  Discrete  Low 

Lattice Gas [20] Homogenous  Microscopic Discrete  Low 

Social Force [21 - 23] Homogenous  Microscopic Continuous  Low 

Fluid Dynamics [24] Homogenous  Macroscopic  Continuous  Low 

Agent-based [25 - 26] Heterogenous  Microscopic Discrete / Continuous  High 

Game Theory [27] Homogenous  Microscopic Discrete  High 

 

 

3. METHODOLOGY 

3.1.   Design a Dormitory Layout 

The layout of the infrastructure is important in order to analyse and understand the behaviour of an 

agent going through every obstacle. Figure 1 shows the layout which includes common facilities such as 

toilets, laundry and drying area, rooms, bed, desks, closets and living room. The layouts are created using 

OpenGL’s GL_LINES geometric primitive by specifying a set of coordinates. These specific coordinates 

determine the length of a wall which is plotted on the x and y-axes. The coordinates also determine which 

appropriate location to place the facilities that were used. Based on this layout, it falls under a wall.cpp 

configuration and declaration. There are specific coordinate ranges that were set up from the start to the end 
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of wall layout which give scale vectors. For simplicity and computational speed, the scale vector in the 

simulation relates to social force model acts by agents to the desired safe area. The setPoint function which is 

used to define a wall layout takes four parameters:            . 

In this section, it is explained the results of research and at the same time is given the comprehensive 

discussion. Results can be presented in figures, graphs, tables and others that make the reader understand 

easily [11-15]. The discussion can be made in several sub-chapters. 

 

 

 
 

Figure 2. Design of dormitory layout 

 

 
The relative vector for wall starts and ends specified ideal layout without the complexity and 

increasing the time taken even though there are too many of agents were created. 

 

3.2. Agent Shape and Motion 

Agents in this paper are represented using a simple cylinder. Since OpenGL does not have a 

primitive function to render a cylinder, this paper uses a combination of isosceles triangles (using 

GL_TRIANGLES) to form two separate circles, which are joined by a set of rectangles (using GL_QUADS) 

to form the cylinder’s shaft. The angle between the two sides of the triangle which are equal in length are 

carefully determined to balance between rendering performance and jaggedness. A function to render this set 

of triangles and rectangles is created, receiving these basic parameters: the coordinates x and y, the radius and 

the height. 

There are many crowd simulation formulations that can be implemented to represent the behaviour 
of agents such as agent-based model, game-theoretic model, fluid-dynamics model, cellular automata models, 

lattice gas models and social force model. In this work, social force model uses as modelling method because 

it is able to reproduce many emergent phenomena observed in real crowds. Basically, the social force model 

can be represented in (1). 

 

acceleration = driving Force + agent Interact Force + wall Interact Force (1) 

 

The acceleration qualify towards the desired velocity of motion and how agents interacting with 

other agents without any collisions with each other. The force between agents and walls will appear if the 

exact point were set up. A sensory stimulus causes a behavioral reaction that depends on personal aim which 

related to the set of behavioral alternatives with the objective of utility maximization. The movement of 
agents is dependent on a driving force (driving Force) and is affected by two interaction forces (agent Interact 

Force and wall Interact Force) where it assigns a specific path to each agent in determining the direction of 

their movement and the resulting interaction force during the simulation. 

In the beginning of the movement generated by the agent, the agents will keep a certain distance 

from the border with wall structures. Thus, a smooth movement and flow process produced by the agents will 

allow fixed acceleration. Figure 3 and 4 show the flow of agents before and after the simulations. 

 

 

 
 

Figure 3. Initial state before agents moving  

to the set path 

 
 

Figure 4. After agents moving to the path  

that has been set up 
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3.3. 3D Hazards as a Barrier 

Hazards are important components to observe crowd behaviour in determining their initial set path 

to the safe place to avoid any unwanted incidents. Agents will concern with the hazards activities and look 

for solutions to stay away from it. Based on the conception of social force model, the parameter between 

agent and hazards can be further separated by creating a random accident in the dormitory. Besides, this 

event will allow an observation to be made either it is affected by the agents’ motion or psychological 

principle. 

Relating hazards with social force, there are another newly created agents’ forces that can be seen 
because it might delay agents’ flow process, affect social force acceleration and the desired velocity and 

motion. Some observations can also be made as a result of putting the 3D fire hazards as a barrier, which can 

create an agent’s response 

 

 

4. RESULTS AND ANALYSIS 

Based on the various simulations, there are three different situations of fire hazards which are at the 

first entrance door, at the corridor and at the back door. In the simulation, the location of fire hazards has 

been set in the dormitory by using OpenGL library as shown in Figure 5. 

 

 
Before After 

  
(a) 

 

 

  
(b) 

 

 

  
(c) 

 
Figure 5. Agent position before and after evacuation process 

 

 

In realizing the simulation process, there are 10 agents involved in the evacuation process.  

As a comparison of crowd analysis, 15 agents were also simulated to find the differences between the time 

and agents’ behavioural. These 10 and 15 agents have different coordinate locations and it will determine the 

simulation of movements for them to move to a safer place. The agents will act in determining its designated 

directions to avoid any bad incidents. 

There are several simulated time duration to investigate the appropriate average time for the agents 

to move from the initial coordinate to the evacuation point. From the observation, Table 3 recorded the 

average time taken to complete a simulation on different locations of fire hazards and the number of agents 

involved in each type of stairs. 
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Table 3. Average Time Recorded for Three Simulations on Different Locations  

of Hazards and Different Types of Stairs 
Number of Agents Location of Fire Hazards Type of Stairs Average Time (s) 

10 Back Door Area U-shaped Stairs 40.142 

10 Front Door Area Straight Stairs 36.894 

10 Corridor U-shaped Stairs & Straight Stairs 34.831 

15 Back Door Area U-shaped Stairs 41.684 

15 Front Door Area Straight Stairs 38.472 

15 Corridor U-shaped Stairs & Straight Stairs 35.071 

 

 

From the table, it is shown that the average time for hazards located at the back door area is 40.142s. 
Furthermore, the best time required for 10 agents to go through the straight stairs at the back door while 

hazards are located at the front door is 36.894s. The time recorded when hazards occur in corridor for 10 

agents are lower than fire hazards occur at the back door and main door area. This is due to the number of 

agents that is divided into two where 5 agents go through the back door using straight stairs and 5 others 

agents go through the front door using U-shaped stairs. Therefore, the congestion between agents decreases. 

Besides, the simulated time recorded difference results if the dormitory becomes crowded. 

Congestion between agents to complete has resulted in the evacuation process to take longer time.  

In addition, when the fire hazards occur at the back door, the agent needs 41.684s if using the U-shaped stairs 

to complete the evacuation process. On the other hand, if the fire hazards are located at the front door,  

the average time recorded is 38.472s for 15 agents to complete the evacuation process if using the straight 

stairs. The time taken is faster than the time taken when the fire hazards occur at the back door area. It is 
because the back door is an emergency door and also a safety path where the stairs are different from the 

stairs that were designed for the main door. The average time for 15 agents when the fire hazards are located 

at the corridor is 35.071s in which the time difference between the 10 and 15 agents is only 0.24s. The 

distribution of agents lead to a smooth completion during the evacuation process. 

 

 

5. CONCLUSION 

In conclusion, this work has developed 3D virtual crowd models to prove that the simulation of 

crowd behaviour can be realized in computer vision techniques in analysing the crowd behaviour. In order to 

achieve the goals, the simulations were done in three different fire hazards simulations which were located at 

random coordinates. Furthermore, to verify the simulation results, the animation of agents’ movement in the 

crowd to avoid fire hazards were captured. From the three different simulations, it is observed that the 
locations of fire hazards affect the average time and the path direction taken by the agents to reach the safer 

place. Meanwhile, the simulation time for agents to complete the evacuation process differ from the types of 

stairs to escape the fire hazards where straight stairs recorded faster time than the U-shaped stairs. 
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