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Abstract 

The crowd simulations are widely used in virtual environment applications such as in entertainment, 

games, training, safety issues, evacuation and emergent situation. It visualizes the crowd behaviors, 

movement and interactions in virtual environment. The density of a dynamic crowd can be high, 

medium or low based on the situation.Obstacles may occur abruptly anytime and any way in a 

dynamic crowd simulation. Dynamic changes of the obstacles cause a problem to obtain a prediction 

of target’s motion. Lack of interactions among agents cause them to interact only in condition where 

close proximity is detected. Each agent has his own goal and personal space. However, in emergent or 

panic situation, agent’s goal can be changed to find the collision free path in order to exit the 

environment. Agents perceive the environment and try to find the best solutions with the aid of visual 

cues. Vision based algorithm is proposed for local collision avoidance, but it has blind spot 

drawbacks. To overcome this, path finding algorithm with harmonic potential function act as the 

global path planning and avoidance.This paper presents the fusion of both algorithms in global and 

local planning to get a better result in dynamic crowd situations. 
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1. Introduction  

Crowd simulations are widely used in virtual environment applications such as in entertainment, 
games, training, architecture, safety issues, evacuation and emergent situation. It is basically a group 
of agents performing actions. According to wikis, crowd simulation is the process of simulating the 
movement of a large number of entities or characters; and this technique is now commonly used in 3D 
computer graphics for film (Wiki). It visualizes the crowd behaviors, movement and interactions in 
virtual environment. The density of a dynamic crowd can be high, medium or low based on the 
situation. According to Musse and Thalman(1997), there are some crowd simulation issues such as 
the complexity of individuals in the crowd, size of the crowd and lack of interactions among agents. 
Crowd can be static or dynamics. The term crowd dynamics was coined by S.Keith (2000) to define 
the study of the how and where crowds form and move above the critical density of more than one 
person per square metre. Figure 1 shows the crowd turn up in droves to celebrate Malaysia’s National 
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Day at Dataran Merdeka, on Aug 31, 2016. Collision between agents and obstacles are important in 
crowd simulation to create the realism of the situation. 

 

 
 

Figure 1: Crowd at Dataran Merdeka 

Crowd simulation can be observe by individual or groups. In groups, the activity such as  pushing, 

passing, formation of lane, clustering, waiting, leader following can happen especially during panic 

situation. Obstacles may occur abruptly anytime and any way in a dynamic crowd simulation. 

Dynamic changes of the obstacles cause a problem to obtain a prediction of target’s motion. Lack of 

interactions among agents cause them to interact only in condition where close proximity is detected.  

 
2.0 Related works 

 

There are many approaches have been proposed for modeling movement and crowd simulation. 
Common approaches in discrete methods are Agent-based method (ABM), cellular automata and 
particle dynamics. The flow of crowds or multiple agents and continuum dynamics crowd simulation 
are example of continuous methods. Related works on crowd simulations are Rule based method 
(C.Reynolds,1987), behavioural animation (Tu and Terzopoulos,1994), crowd behavior and 
sociological factor (Musse and Thalman,2001), combination of rules and Finite State 
Machine(Uliciny,2001). Alon Lerner , Yiorgos Chrysanthou and Dani Lischinski (2007) presents an 
example-based crowd simulation technique. Morphable crowds, a new method that blends existing 
crowd data to generate a new crowd animation was proposed by (Eunjung Ju, 2010) 

Collision handling which includes prediction, detection and avoidance are important in crowd 
simulation. Collision prediction is another option to solve interactions handling problem between 
virtual agents. It considers the agent’s speed, goal and position in the dynamic crowd simulation. It is 
the forecasting of when and where the intersection of two or more agents will happen. However, 
difficulties to obtain motion prediction, sudden obstacles and dynamic environments give a challenge 
for collision prediction. Related studies on collision prediction are Space time approach 
(Feurtey,2000), predictive approach(Paris,2007), politeness approach (Allen et al, 2012). Researchers 
have proposed many local avoidance approaches. Helbing (2000) introduced Social Forces Model 
which is commonly used for collision avoidance in multi-agent systems. Sakuma(2005) and 
Pelechano(2005) highlighted the psychological effects in collision avoidance. Another related works 
are geometrically-based local avoidance approaches (Paris et al. (2007);Van den Berg et 
al.(2008a)(2008b); Kapadia et al.(2009); Pettr´e et al(2009); Karamouzas et al(2009). Velocity based 
approached highlighted by  (Karamouzas I, 2010),Velocity-obstacles approached include Clearpath 
(S.J Guy,2009), Acceleration Velocity Obstacle(Berg, 2011),Optimal Reciprocal Collision 
Avoidance(Berg,2011a, Alonso Mora, 2010). Korhonen et.al, (2009) proposed a shoulder rotation 
approach. Goal-directed navigation functions using user-specified guidance fields approach was 
introduced by Patil S. et.al(2010). Koh and Zhou(2011) introduced a relative frame collision 
avoidance framework. Hybrid long range collision avoidance was proposed by Golas et.al (2013).  
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Treulli (2006) proposed a continuum crowd for global local avoidance in dynamic crowd simulation. 

A more efficient algorithm by extending the Indicative Route Method (IRM) for global planning 

algorithm with moving obstacles was introduced by Yunbo Rao et al (2011). Karmouzas, Geraerts 

and Overmars (2009) uses the clearance information provided by Explicit Corridor Map(ECM) 

(Geraerts,2010). A hybrid continuum-based method for solving the behavior of such crowds in a 

scalable fashion was highlighted by Narain et al. (2009). The Lagrangian and Eulerian method for 

each agent as well as unilateral incompressibility are used  to model the human crowd dynamics in 

dense scenarios. 

Cherif, F. & Chighoub, R. (2010), introduced a number of socio-psychological rules influencing the 

behavior of crowd, using the two approaches of representation of the environment knowing which are 

the graph of grid and the topological graph. Golas et al. (2013); Ondrej et al. (2010); Almeida et al. 

(2013) use decision making approach based on the environment that focuses on situation-based 

decisions of the agents and the probabilistic behaviours. However, they don’t consider the personal 

interests of the agents. 

Jablonski, K., Argyriou, V., & Greenhill, D. (2014) point out in recent studies, one of the main 
problems in dynamic environment are unincorporated information and unsimulated knowledge 
spreading. They introduced a crowd simulation framework that incorporates information of the 
dynamic environment using genetic algorithms. Their work focus on the individual decision making 
based on personal interests and the knowledge of the environment. 

Konrad (2014) proposed a crowd simulation framework for dynamic environments based on 
information spreading and agent’s personal interests. It focus on the individual decision making based 
on the personal interests and the knowledge of the environment. Their work used genetic algorithms 
to simulate the dynamic behaviour of the environment and the knowledge spreading. 

 

3.0 An improved collision avoidance algorithm 

 
In emergent or panic situation, agent’s goal can be changed to find the collision free path in order to 
exit the environment. Agents need to perceive the environment to identify the urgency, importance 
and uncertainty of the situation, then try to find the best solutions with the aid of visual cues. Visual 
cues provide orientation and navigation information to the users such as the current position in an 
information space. Agents also need to consider the environmental cues which are cues around a 
person that inform them what is happening and how to respond. Situation can be normal, emergent, 
panic and evacuate in virtual environment. The density of the crowd can be low, moderate or high. 
Therefore situation awareness is very important for the agents. If the agent is not aware of the 
presence of another agent in his blind spot, a collision can occur. In panic situation, the agent’s 
personal space will be different. It may be narrow, smaller from the normal personal space. Agent 
should have exit awareness especially during the packing people during evacuation. According to 
Pelechano (2007), crowd behaviour is unpredictable during emergency or panic situation for example 
herding, flocking, arching or clogging. Collision avoidance with harmonic potential field that uses the 
location based coordinate is proposed to overcome the problem. 
 
Personal space and congestion handling are very important in panic situation. Edward T. Hall's (1963) 
coined the term proxemics, which means the study of a person’s behavioural use of space. He defines 
the personal space, intimate space, social and consultative spaces, and public space, the area of space 
beyond which people will perceive interactions as impersonal and relatively anonymous. Figure 2 
shows the intimate space, personal space, social space and public space. 
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                                                                Source: https://en.wikipedia.org/wiki/Talk%3AProxemics 

 

Figure 2: Proxemics 

 
3.1 Vision based algorithm  
 
Vision based algorithm is proposed for local collision avoidance, but it has blind spot drawbacks. To 
overcome this, path planning algorithm with harmonic potential function act as the global path 
planning and avoidance. Humans perceive their world visually and have a field of view (FOV) that 
covers 180 degrees, with 140 degrees being binocular.  In 1995, Cutting mentioned that vision is the 
main source of information for agent collision avoidance. One way to detect unexpected obstacle is to 
consider collision region around the agent. In vision-based algorithms, the environment within an 
agent's field of view is scanned for possible collisions. An appropriate reaction is selected based on 
the prediction toward future collision. Recently there are studies related to synthetic vision (SV). 
Ondrej, J. et.al (2010) proposed a synthetic-vision based steering approach for crowd simulation. 
Ondrej’s model is based on reactive approach. J.Ardouin, A.Lecuyer, M.Marchal, and E.Marchand 
(2013a, 2014b) highlighted the importance of the field of view from the user’s point of view while 
navigating in virtual environments. 
 
A new reactive planning approach based on the minimization of the agents’ SV costs is introduced by 
Dutra (2015) through a gradient based model (GBM). According to him, it is a new perception or 
motion loop to steer agents along collision free trajectories that significantly improves the quality of 
vision-based crowd simulators. Ricardo Bustamante de Queiroz , Teófilo B. Dutra , and  Creto A. 
Vidal  (2015) proposed a panoramic synthetic vision model for improving collision avoidance in 
crowd simulation. They discussed the influence of the agent’s field of view on their locomotion using 
the models describe in Ondrej (2010) and Dutra (2013). They focused on the three field of view which 
are horizontal, vertical and vertical orientation of vision. A panoramic vision system was inspired by 
PanQuake ( 2015). A more efficient and heuristic way of determining the vision of an agent and its 
possible choices for altering its local route was created by Moussaid et al. (2011).  
 
Agents are able to perceive potential colliding obstacles along its path. Agent can affect each other 
and depend on global state and local perception. Agent perceived its environment that is in its field of 
view, and decide its decision and acts. Agent’s behaviour can be individual or collective. 
Environment and situation awareness are important for agents to avoid collision and reach their goal. 
Each agent has his own goal and personal space.  Agents apply collision detection and avoidance to 
prevent colliding with other agents. Agent’s behaviour depends on the type of collision prediction and 
collision avoidance. Most of agent based techniques used local collision avoidance that focus on 
modelling agent behaviour and goal. Agents plan to achieve the goals by navigating the environment 
and communicate with other agents.  
 
3.2 Path planning with harmonic function 
 

One of the path planning techniques to achieve a goal with obstacles avoidance is potential fields. 

There are attractive potential field and repulsive potential field. Agents move toward goal while 

avoiding collisions with obstacles. The goal is surrounded with an attractive fields where 
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obstacles is bounded with repulsive fields. However, potential field has a local minima problem. 

Unstable oscillation such as sudden changes or abrupt obstacles of the environment also be a 

potential problem. Harmonic potentials eliminate local minima in a cluttered environment and 

virtual space. A harmonic function must satisfy Laplace’s equation. According to explanation in 

Mathpages, given a scalar field , the Laplace equation in Cartesian coordinates is  

 
 

 

Normally a set of boundary conditions are given and the (unique) scalar field  that is a solution 

of the Laplace equation is need to be solved and that satisfies those boundary conditions. Since 

the Laplace equation is linear, the sum of two or more individual solutions is also a solution.  

 

Global local planning with collision avoidance of abrupt obstacles is proposed using vision view 

algorithm and path planning with harmonic functions. Agents will consider the environment 

awareness with visual cues to find collision free path. 

4.0 Conclusion 

 
Obstacles and collision handling are important to create the realism in crowd simulation. There 
are many collision handling method proposed in crowd simulation. Global collision-free path 
planning for each agent and behavior modelling are still a challenge to simulate thousands of 
virtual agents in real time. Recent research in vision-based avoidance algorithm is hope can invite 
other insight in dynamic crowd simulation. The fusion of both algorithms in global and local 
planning is suggested to get a better result in dynamic crowd situations.  
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