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Abstract: Emergency situations involving a large number of people may develop into disasters. One example of such emergency
situation isfireevacuation in a building or crowded area. Although crowd evacuation simulation has been an active research
area for many years, little research focuses on simulating the evacuation process with a Leader-Follower Model which
shows the role of leaders in the evacuation. In this paper, we have simulated crowd evacuation process from a dancing hall.
A crowd includes several groups with each group having a leader and some followers guided by the leader. Leaders are
responsible for finding the evacuation path for their followers. The objective of this simulation is to show the effect of
different number of leaders on the efficiency of evacuation. A dynamic grouping algorithm based on A* Algorithm has been
proposed to simulate the dynamic grouping phenomena with a number of leaders. A prototype system has also been devel oped

to verify the effectiveness of the proposed algorithm.

Keywords: Virtual Crowd, Leader, Cellular Automata, Multi-Agent, A* Algorithm

1. INTRODUCTION

In real life, when fire or some other uncontrolled situation
occursin places with alarge crowd, chaos or even disaster
may occur which often cause severe casualties. This is
especially true in places where the internal structure is
complicated and exit paths are limited which may incur
serious casualties as people are unable to find the exitsin
panic. In such emergency Stuations, however, if people could
be guided by some leaders who know the evacuation paths
to the exits, casualties may be avoided or reduced
significantly. For example, in someforeign countries, some
staffsareassigned to important entertainment placesto lead
the peopl eto evacuate from the danger in case of emergency.

One important issue for the managers of these
entertainment placesto consider ishow many staffs need to
be assigned to guide the crowd in emergency situationsin
order to maximize the efficiency of the evacuation process.
In this paper, we will investigate how the evacuation
efficiency isinfluenced by the number of customersand the
number of staffs (or leaders) in the scenario.

We have simulated crowd evacuation from a dancing
hall in case of emergency. The crowd consists of many
groups, and each group includes a specific leader and some
followersguided by the leader, who isresponsiblefor path-

finding for hisfollowers. The objective of thissimulation is
to show the effect of different number of leaders on the
efficiency of evacuation. A dynamic grouping algorithm
based on the A * algorithm has been proposed to simulate
the dynamic grouping phenomenawith anumber of leaders.

The remainder of this paper is organized as follows.
Section 2 discusses related work in the field of crowd
animation. The dynamic grouping algorithm isproposed in
Section 3. The leader-follower model isdiscussed in Section
4. The simulation system is discussed in Section
5. Experimental resultsand analysisaredescribed in Section
6. Section 7 concludes the paper.

2. RELATED WORK

The simulations of the group behavior, such as gathering, in
emergency situation have been used widely in the group
animations[1] [2] [3]. By setting somereaction rulesin the
emergency situation tothevirtual characters, the gathering
behavior of peoplein emergency situation can besimulated.
However, it isnot enough to simulate group behavior only
by these simplerules, since human behaviorsare much more
complicated.

Cellular Automata technique has been employed by
many crowd simulation models, especially in the field of
evacuation simulation, including lots of researchers such as
V.J. Blue, J. Dijkstra, A. Schadschneider, M. Fukui, H.
Klpfe, PG Gipps, etc. and some commercial software such
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asEgressand Exodus, for example, L.Z. Yang et al. apply a
two-dimensional Cellular Automatamodel toinvestigate the
advantages and di sadvantages of evacuation caused by the
kin behavior [4].

In recent years, many researchers make virtual crowd
group animations by multiplelevel controlling [5][6][7][8].
In the area of the group animation, the interactive animation
of leaders and followersiswell developed [9] [10].

3. DYNAMIC GROUPING ALGORITHM

In the crowd simulation based on the | eader-fol lower modd,
itisvery important to model different groupsin the crowd.
For each group, thereisaleader and anumber of followers
who follow the leader. Grouping can be divided to static
grouping and dynamic grouping. Static grouping means that
the crowd is grouped before evacuati on, and every foll ower
follows the given leader. Dynamic grouping means the
members of each groups may alter during evacuation asthe
situation evolves.

Static grouping issuitablefor situationswherethereis
only oneleader [9], but it isrealistic for situations with many
leaders. Since people are likely to follow the nearest leader
which may change during evacuation, a dynamic grouping
algorithm based on the A* agorithm is developed in our
simulation system, which combines the process of path
planning for followers and the dynamic grouping. The
dynamic grouping algorithmis shown asfollowing:

if(( the leader of current group arrives at the
exit& & newPath))||(number==0& & humber 1=0)){
for (int i = 0; i<the number of grids;++i){
if (the current grid can be passed through){
Calculate thevalue of H of patch[i] which isset to
be the distance to the nearest leader for the path;
Check out which thenearest leader is and set
patch.group to be the number of the leader;

}

}
Find out the location of the leader of the group based

on A* agorithm;
if (theleader arrives at the exit){

Don’t need to search and group; }
Group crowd every 4 steps that the |eader takes;
Reset the number to 0 and restart counting;

Remark: the variable number indicates the number of
stepstheleader takes. The crowd isgrouped every four steps
in thisalgorithm. Function FindPath of class PathFinder is
used to find out the path from current patch to the target
based on A* algorithm; the value of index is set to O after
every planning process, because the array path is used for
storing then patch of new path which must be set to the new
value. The Computational complexity of this algorithm is
O(kn), where n isthe number of grids.

4. LEADERSAND FOLLOWERS

4,1 Animation M odel

The interactive animation of leader-follower behavior can
be described with thefollowing threelevels: action selection,
steering and locomotion [9].

Think about that a cowboy leads a group of cattle on
theprairie. When a cow departs from the cattle, a messenger
sends a message to the cowboy, and then the cowboy leads
the cattleto the leaving cow. This massager takesthe actor
of Action Selector, which sendstheinformation of changing
direction to the cowboy; the cowboy act as a leader
responsible for Seering, i.e, it will lead the cattle and
avoiding collison. Thecattle act asleaderswhich takesmple
Locomotion, i.e., following the leader.

In thethree-level interactive animation model mentioned
above, Path Finding and Following are the most pivotal
factorsthat influence the simulation effect of the animation
and therunning velocity directly. In thispaper, we devel oped
asimple and efficient approach to i mplement the two pivotal
factors using the leader-follower model.

4.2 Implementation of L eading-following Behavior

In our simulation system, the shortest path to the nearest
exitisfoundfor every leader asthe evacuating starts, saving
in the array Path. Select the Patch for next step from array
Path before moving, until get tothe exit. Every leader leads
peopleto evacuate after followers have gathered around him,
namely it needsawaiting delay.

Atfirg, followers gather tothenearest |eader. Different
groups may have different leaders. When the evacuation
begins, followersfollow their respectiveleadersto evacuate
to the exit. The path information for followers can only be
obtained from the leader. During evacuation, followers do
not follow the leader at the beginning - they need to
determine for the nearest leader, and once they find a
different nearest leader, they leave the current leader,
following the new nearest leader. So the grouping process
during evacuation iscalled dynamic.

5. DESIGN OF SIMULATION SYSTEM

This section introduces design of the simulation system to
simul ate the crowd evacuation with aleader-follower modd.
The A* algorithm is used for finding paths while the cell
automata is used to represent the circumstance[11].

Considering the motion rules of crowd in real world,
we summarize some basic concepts of crowd evacuation
simulation system (based on two-dimension space) as
folows: (1) Scene(Grid): it can bedivided into some blocks,
and can also be used to denote the simulation circumstance
or scene. (2) Blocks in the scene (Patch): each block may
contain some values to denote the state, such as whether it
is occupie by somebody. (3) People in the scene (Person):
this is used to represent the moveable individuals in the
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scene. (4) Obstacle in the scene (Patch): it represents the
fixed object that agents cannot pass through. It can be
denoted by setting the states for Patch. There are three
possible states: empty (value = 0), wall (value = 2) and
person (value = 1).

Based on these abstractions, we can get an applied
simulation model [12]. There are three pivotal classes.
Therefore, we create thesethree pivotal classes: Grid, Turtle
and Patch. Class Grid can be expressed as atwo-dimension
array, in which every dement denotes a grid. Class Turtle
represents agentswhich can movein thegrids. Class Patch
representsthe val ue of grid. The pseudo-code can be shown
asthefollowing:

(1) Createa Grid object

(2) Initializeall panesinthegrid

(3) CreatesomeTurtle objects, and dispersethem into
thegrid

(4) while(true)

(5) Call the update function for every pane

(6) Call the update function for every Turtle object

(7) endwhile

To show moredetail s of the grid and make agents move,
we add class Display and make every Patch object know
the Grid objects nearby.

Based on the relationshi p between these pivotal classes,
we can devel op the class diagram of the crowd simulation
system. Some screenshots from the simulation are shown in
Fig.1, where the black objects represent wall and fixed
obstacles, and the corresponding value for Patch is 2; the
white ones represent the passable space, and the
corresponding value for Patch is 0. There are two exits in
the east and west, and the corresponding value for Patch of
thegridsoutsdethe exitsincluding the exitsis3. Themoving
red gridsrepresent persons, and the valuefor Patch in which
they stand is 1, assuming one grid can hold only one person.

6. RESULTSAND ANALYSIS

The scene of this system is a dance hall with two exits, in
which thereisa big dace pool in the center, with ninesimilar
roomettes on each side. The red and green dots represent
followersand leaders. The positions for theindividuals are
set randomly, and the positions of |eaders are set nearer to
the exits. As the smulation starts, leaders stand without
moving, waiting for followersgathering. After the predefined
waiting time T, leaders begin to move to one exit, and
followers follow the leaders. During the evacuation,
followers always follow the nearest leader, i.e., a follower
may follow different leaders during theevacuation, asshown
inFig. 1.

Fig. 2 showsthefunction of evacuating timefor different
size of crowd, led by one to six leaders, where F is the
number of followers. We can see that the evacuating time
decreases 9 gnificantly when the number of leadersincreases
from 1 to 2. However, as the number of |eaders increases,
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Figure 1: A Follower May Follow Different Leaders

the evacuation time increases steadily, and it even exceeds
the evacuation time without any leaders: too many leaders
result in bad effect to the evacuation.

At afirst glance, it seemsthat moreleaders will result
in shorter evacuation time. However, our results show this
isnot true. Thisisbecausethat too many leaders may cause
chactic effect to the evacuation. People often follow the
nearest leader. Asthe number islarge, people haveto make
more judgments and hesitate to move. There are two exits
in the scene, and the evacuati on time isshortest when there
is oneleader near each exit. When there aremore than two
leaders, chaotic effect occurs: some people may switch and
follow different leaders during evacuation, hesitate to move,
and it wastesalot of time.
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Figure 2: Experiment Results
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7. CONCLUSIONS AND FUTURE WORK

We can get two conclusions from the previous analysis:
(1) with someleaders, the evacuation will in general bemore
efficient as compared to situationswith no leaders; (2) more
leaders may not always result in more efficient evacuation;
when there are too many leaders, the evacuation may take
even longer time than that without a leader. Thus, an
important question to ask ishow many leaderswill resultin
highest evacuation efficiency. It depends on the complexity
of the scene, and there should be more leaders when there
aremoreexits, if therearefewer exits, fewer leaderswill be
better. Moreresearch iscertainly neededin thisregard.

In our current simulation system, we just consider the
position of leaders, ignoring other factors which may
influence people' s behavior during the evacuation, such as
fear and congestion, and so on. In our future work, more
factors should be considered for more realistic simulation
effect. More over, the current scene is fixed with only two
exits, different effects with different scenes still cannot be
represented. We will investigate crowd behavior in more
complex scenarios. The system is based on two-dimension
cellular automata which has limited ability to represent the
scene. We will extend the current system to three-
dimensional virtual environment to present more realistic
and immersive effect in thefuture.
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