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Dr. Muhammad.Shafie Abd Latiff, 
 
This paper is a part of the project entitled Model and Simulation of Crowd Dynamics in Virtual 

Environments and will approach crowd model through some traffic models. It is aimed to catch the nature 
of crowd ahead of a crowd simulation, thus, will attain the most significant crowd variables or parameters 
in controlling crowd movement. The paper will discuss real world representation, model development, 
model implementation and validation. Eventually, some expected contribution of this work will be 
summing up this research proposal. The model of environment as real world representation is built based 
on comparative picture measurement and satellite images. To derive the model, a segment of simulated 
length dx along a path (area) of crowd events is given. Let ρ(x,t) denote density in units of agents/meter at 
time t, and v(x,t) denote the velocity of agents in the path with coordinate x at time t in units of 
meter/second. Also q(x,t) denote the number of agents flowing the path during the time period dt. The 
conservation laws applied in the model. Whereas, the model will implement crowd during Hajj/Umrah and 
will be validated by using real parameters. 

 

Key words: traffic model, crowd, virtual environment, conservation laws 
 
1. Introduction 
 

Any gathering of two or more persons 
is a group and a large group is called a mass. If 
they occupy a single location and share a 
common focus, they form a crowd. In the 
project, the crowd refers to a large number of 
agents or characters in VE terms or pilgrims in 
real world term and they are considered 
together. Moreover, crowd is an animated 
character in the form of batches or represents a 
group of agents that move around in VE. 

The research will model the 
Hajj/Umrah performance on a smaller scale. The 
model will simulate pilgrims’ movement in the 
real large number of agents or characters in 
Virtual Environment [VE] Hajj/Umrah by a 
computer program. However, this paper is only 
a part of the on-going project ([1], [2], [3], [4], 
[5], and [6]) and will focus on some principles 
model used. 

The motion of a crowd can be modeled 
‘physically’ by a description of the paths of all 
agents. This does not imply that those agents’ 
trajectories can be represented in the 
homogeneous direction. However, agents share 
common features with them that allow 
employing some of the concepts used there. 

Whether or not they follow the provided paths, 
they are still there. It means, the conservation 
law applied. Therefore, the paper will approach 
crowd model through some traffic models. 

Many traffic problems can be resolved 
by controlling traffic flow with giving various 
traffic control measures. Executions of the 
models through simulation will catch the nature 
of crowd and will attain the most significant 
crowd variables or parameters in controlling 
crowd movement.  

 

2. Basic variables 
Instead of individual agent motion, a 

concern is more with streams of traffic. For such 
circumstances it is usually convenient to 
describe the traffic situation as seen by an 
observer on the side of the paths. Such a 
description is referred to as an Eulerian 
description, as opposed to a Lagrangian 
description, which describes the motion 
(position, velocity etc.) of individual agents. The 
Eulerian scheme is usually more appropriate for 
describing fluid motion, whereas the 
Lagrangian (or particle following) scheme, is 
normally used in mechanics. The variables will 
be defined initially for uniform, steady, single 
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lane traffic flow circumstances. All agents are 
assumed to be the same size and moving at the 
same speed. Such circumstances are of course 
extremely unrealistic but in an appropriate 
average sense the definitions extend. The 
variables used are: 

• The Traffic Speed, v: units m/s, which simply 
corresponds to the agent’s speed. 

• The Traffic Density, ρ. The traffic density on 
this lane associated with a given position x and 
time t, is the average number of agents per unit 
length of lane at the position and time specified. 
The traditional symbol for fluid density, namely 
ρ, is used for the traffic density. Thus ρ (x, t) is 
the average number of agents per unit length at 
the position x and time t.  

• The Traffic Flux F, or flow rate q(x, t): units 
agents/s, is the number of agents passing a given 
point on the lane in one second. The 
performance of the lane system is often gauged 
in terms of the flux “through” the system. 

 
3. Traffic model based on 

conservation laws 
 

The fundamental idea is:  

 leaving] [Agents -entering] Agents [

 Agents] of[Amount =
dt
d

[Eq. 1] 

Consider traffic between Safa and Marwah on 
Sa'ey lanes as an example. The coordinate x is 
used to denote distance along the lane. The 
density, ρ(x, t) , is the number of pilgrims per 
length. In the interval a < x < b the total number 
of pilgrims is 

Number of agents in the interval a<x<b=  

∫
b

a

 t)dx(x,ρ  [Eq. 2] 

There is continuum approximation by 
assuming that there is a well defined density 
which is a smooth function of positions. If an 
agent is 1.5 meters long it makes no sense in 
[Eq.2] to pick an interval of length 1 meter. The 
introduction of the density ρ(x, t) requires a 
separation in length scales between the distance 
over which ρ(x, t) changes appreciably (e.g. 
hundred meters) and the distance between 
agents (e.g. a few centimetres). 

Applying the principle of conservation 
law in [Eq.1] by picking an interval of lane a <x 
< b, and counting the number of agents which 
pass x = a in a time dt. Thus, the flux (agents per 
second passing x = a) is defined as f(a, t). The 
same is applied at the other end of the control 
length and so determined f(b, t). Ignoring off-
ramps and on-ramps which introduce agents into 
the middle of (a, b), equation [1] expresses that 

 t).f(b, - t)f(a,  b]  x  a 

interval in the agents of[Number 

=<<
dt
d

 [Eq. 3] 

In other words 

∫ =−+
b

a

taftbfdxtx
dt
d 0),(),(),(ρ Eq. 4] 

Letting a → b in [4], with x sandwiched in the 
middle, the differential statement of the 
conservation law can be obtained: 

0=+ fxtρ  [Eq. 5] 

 
4. Traffic flow and Burger’s 

equation 
 

Burger equation has been widely 
studied ([7], [8]). In a very simple model for 
traffic flow, the real interval [a; b] stand for a 
lane and v(x) and ρ(x) are defined for all x 
within [a; b] as the velocity and traffic density in 
point x. It is assumed that all changes in velocity 
can be computed from the traffic density alone. 
Dividing the interval [a; b] in subintervals will 
get Ii = [xi; xi+1] of equal length ∆x . 

The traffic density on interval Ii is 
denoted by ρi, the velocity by vi (both are 
assumed to be constant on the interval). The 
temporal variation of ρi is caused by traffic 
leaving the interval into the next interval Ii+1 and 
traffic entering from Ii-1; in a time interval of 

length ∆t the quotient
x

tv j

∆

∆
of the Nj agents in 

interval Ij moves out to the next interval 

 
Figure 1. Interval illustration 
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The variation of density ∆ρ can be computed by 
dividing by ∆x, and finally an equation below 
can be achieved. 

x
v

t ∆
∆

−=
∆
∆ )(ρρ

 [Eq. 6] 

Let 

)1()( 0
∞

−⋅=
ρ
ρρ vv  [Eq. 7] 

and substituting this into the differential 
equation gives 

0)21(0 =
∂
∂

−+
∂
∂

∞ x
v

t
ρ

ρ
ρρ

[Eq. 8] 

Using the substitution of 

∞

−=
ρ
ρ21u [Eq. 9] 

 

(u is thus defined as a dimensionless variable); 
will get 

 

ttu ρ
ρ∞

−=
2

and xxu ρ
ρ∞

−=
2

[Eq. 10a,b] 

 

so that after multiplying with 
∞

−
ρ
2

 there is the 

differential equation 

 

00 =+ xt uuvu [Eq. 11] 

In order to transform x and t to dimensionless 
x~  and t~  the equation is divided by a 
characteristic length L and time

0v
L , respectively.  

L
xx =~  and 

L
vtt 0~ = [Eq. 12] 

Substituting these new variables in the 
differential equation and multiplying by 

0v
L  

yields Burger's equation ([9] [10]) cited in 
[11],  

0=
∂
∂
⋅+

∂
∂

x
uu

t
u

[Eq. 13] 

 
5. Model Environment 

 
Sa’ey environment is built based on 

comparative camera snapshots picture 
measurement. The model is valid for one lane 
only. 
 

 
Figure 2. Sa’ey snapshot 

 
Satellite images are used to grab the 

distance and wide of the environment. The 
distance between Sa’fa and Marwa is 394 
metres. 

 
Figure 3. Processed from a satellite images of 

Al-Haram [Credit to DigitalGlobe] 
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6. Model Simulation 
 

With length of Sa’ey 394 meters with 
hundreds of pilgrims, some results are shown in 
figures below. 

 
Figure 4. Density contours 

If the velocity field for the lane is known the 
movement of an individual agent can be found. 
First the agent must be specified. One way to do 
that is to choose a particular time, say t = t0, and 
a particular position on the lane, say x = x0, and 
identify an agent as being at that spot at that 
time. To know where this agent is located at 
times t > t0, the velocity field must be 
scrutinized, which implies how fast any agent is 
going when at position x and time t. Thus if x(t) 
is the position of the agent, it is known that x(t0) 
= x0 but also that 

)),(( ttxu
dt
dx

= [Eq. 14] 

This equation relates the overall velocity field to 
the function x(t) for the particular agent which 
was located at x0 at time t0. Refer to basic 
variables before, x(t) is called the Lagrangian 
coordinate of the agent, and u(x, t) is called the 
Eulerian velocity field. 

 
Figure 5. Density and flow versus x 

 
Figure 6. Density versus position versus time 

Note that the problem of locating the position of 
our agent, summarized as 

00 )(),),(( xtxttxu
dt
dx

== [Eq. 15] 

where u(x, t) is a given function, amounts to 
solving an ordinary differential equation of first 
order with an initial condition at the time t0. 

 
7. Conclusion and future works 
 

The model simulation has depicted the 
overall situation and captured some main 
features but not visualised individual simulation. 
Visualization is a further work and will be 
conducted after model satisfied and validated. 
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