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We present an investigation of a driven random-walk model which is used
to simulate pedestrian motion. We analyse the dependency of the global
density and the mean velocity on the boundary density for open and periodic
boundary conditions. Global and local fundamental diagrams are presented
for a random sequential and parallel update. In addition, an analytical solu-
tion for the relation between mean velocity and density is presented, too.

1 Introduction

The simulation of traffic and pedestrian motion has gained much attention in re-
cent years [8,15]. The increasing size of recreation facilities makes it necessary to
investigate the motion of pedestrians and different properties of human motion.
For example it is useful to know how to lead persons through a shopping mall or
how to increase the efficiency of an evacuation process onboard a cruise ship
[16,17]. The latter point is interesting from the view of ship designers to create
corridors and stairs which are able to provide the possibility for a fast evacuation
on the one hand and to provide as many cabins as possible on the other hand. It is
also interesting for insurance companies to evaluate the risk for passengers on such
a ship.

For modelling of pedestrian motion different types of simulations are used. Mac-
roscopic models [9] that focus on the optimisation of pedestrian flows or different
types of microscopic models: continuos in space [5] utilising a so called social-
force model and models which are discrete in space. The latter are called cellular
automaton models if they are also discrete in time and the state variable of the cell
[3]. They are as well concerned with fundamental model characteristics
[2,11,12,13,19] and their application [10].

There is, however, a considerable lack of empirical data and only a limited num-
ber of studies have been performed [4,6,7]. For an overview see [5,14,20,21]. Es-
pecially with regard to single-person data like walking speed the data basis is
scarce. However, there are investigations under way as shown in other articles of
these proceedings.
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The outline of this article is as follows. Next we describe our model. After that
we present results from simulations with a random sequential and parallel update
under open and periodic boundary conditions. The last but one chapter presents an
analytical approach for the relation between the mean velocity and the density. The
final chapter gives an outlook to outstanding tasks.

1.1 Model

In 1999 Muramatsu et. al. [1] presented a driven random walk model for pedes-
trian motion. The pedestrians move on a square lattice. The size of the cells is sup-
posed to be 40 cm. The pedestrians are allowed to move one cell per time step.

The decision for the new position of a pedestrian is made as follows. First, the
pedestrian counts the neighbouring empty cells. From that number a probability for
each unoccupied cell is computed and by means of a random number the new posi-
tion is chosen. The formulas to calculate the probabilities are listed in table 1. A
backstep is not allowed. In case of an occupied cell the probability for that direc-
tion is set to zero.

Direction Probability
forward Dy 1-D
#unoccupied cells
up 1-D
# unoccupied cells
down 1-D
# unoccupied cells

Table 1: Probabilities for the three possible walking directions.

Figure 1 shows the layout of the corridor. The arrows mark the possible moves
of the pedestrians. The amount of possible moves depends on the number of
unoccupied cells around each pedestrian.
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Figure 1: Layout of the corridor and possible moves of the pedestrians.
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Under open boundary conditions the pedestrians were added at the left or right
boundary, depending on the walking direction. The density at the boundaries was
fixed at simulation startup.

The pedestrians were not able to cross the upper or lower boundary.
1.2 Update Procedures

We used two different update procedures for the simulations. The random se-
quential update (rsu) moves the pedestrians in a random order but every pedestrian
only once in a timestep. After the move of a pedestrian the next pedestrian reacts
on the new distribution. Because of this there is no problem with multiple occupa-
tions of a single cell.

The parallel update moves the pedestrians in the first step only virtually. Due to
this there is the possibility for a multiple occupation of single cells because the
moving pedestrian does not know if the cell he has chosen is still empty or occu-
pied by a virtually moved pedestrian. Because of this after the virtual move of all
pedestrians a conflict solution is performed to resolve the problems with more than
one pedestrian per cell. A cell which is occupied by more than one pedestrian is
drawn under the concerned pedestrians. The winner gets the cell, the losers move
back to their old positions.

2 Simulation Results

The simulations were carried out with the parameters mentioned in table 2. For a
width of w = 100 cells the fraction between the two walking directions was addi-
tionally set to ¢ = 1/3 and ¢ = 1/5 to study the dependency of the density for the
transition from moving to jammed pedestrians from the fraction.

Width Drift Fraction Simulated Update Boundary
timesteps conditions
10, 20, 50, 200 0.0, 0.1, 0.4, 0.7 0.5 10000 rsu open
100 0.0,0.1, 0.4, 0.7 0.2,0.3,0.5 10000 rsu open
1,25 10 0.0,0.25, 1.0 0.0,0.2,0.5 50000 rsu, open, periodic
parallel

Table 2: Parameters for the simulations.

For the corridor with widths smaller than 10 cells a drift D = 0.25 was chosen
because in the case of three unoccupied cells in the neighbourhood this value
means a probability of prywaq = 0.5 for a step in forward direction.

Figure 2 shows the mean velocity versus the density at the boundaries for open
boundary conditions simulated with the rsu. There is only a slight dependency of
the transition from moving to stopped pedestrians on the drift. A similar picture is
recorded for periodic boundary conditions. With the parallel update the transition
to the stopped phase occurs at a lower density due to the conflict solution. An in-
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creasing drift leads to an increasing mean velocity in the moving phase, up to a
value of 1 for drift D = 1.

Additionally we recorded global and local fundamental diagrams. The local fun-
damental diagrams recorded the flow and the density on each lane for each walk-
ing direction. The global fundamental diagrams just distinguish between the walk-
ing directions and not the different lanes.
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Figure 2: Mean velocity versus boundary density for rsu with open boundaries.
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Figure 3: Local fundamental diagrams for the rsu with open boundary conditions.

We found three different local fundamental diagrams. Fig. 3 shows the local fun-
damental diagrams for corridors with a width of w =1 cell and w = 10 cells. The
fundamental diagram for the corridor with width w = 1 cell is independent from the
drift due to the fact that the drift increases the probability for a forward step. Be-
cause there is no possibility for another direction than forward in a corridor with a
width of w =1 cell, the probability for the forward step is always p, .., =1 and so

not depending on the drift.

The flow on lanes which are at the upper or lower boundary is higher than the
flow on inner lanes due to a missing third direction on a boundary lane. The fact
that on boundary lanes the maximum number of unoccupied cells is two increases
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the probability for these two directions. On inner lanes the maximum number of
unoccupied cells is three. This means that in case of a drift D = 0 the probability
for all three directions is p = 1/3. For the same case on a boundary lane the prob-
ability for each of the two directions is p = 1/2. This results in a higher flow on the
boundary lanes.

As a last result we present a graph (Fig. 4) of simulated timesteps until all pedes-
trians are jammed. We altered the program to simulate either 1.000.000 timesteps
or stop the simulation when the mean velocity reached the value 0. We performed
30 recursions for each density for the rsu with periodic boundaries. It was found
that for high densities the amount of simulated timesteps was in a range of some
hundred timesteps. For medium densities the number of timesteps increased due to
an increasing amount of possible configurations.
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Figure 4: Simulated timesteps until a mean velocity of 0 occurs.

For a density of 0.3 there was no jam found in the system. All 1.000.000
timesteps were performed with still a non-zero mean velocity.

3 Analytical Solution

We tried to formulate an analytical solution for the speed-density relation. The
idea is that the mean velocity equals the probability of a certain configuration to
arise multiplied with the probability to choose the forward step.

There are three different configurations which provide the possibility for a for-
ward step.

An empty cell occurs with a probability of (l— p) and an occupied cell occurs
with a probability of p .

1. The first configuration is the one with all three neighbouring cells unoccupied.
This configuration arises with a probability of p_, =(1— p)3 .

. o . 1-D
The probability for the forward step in this case is p,.. =D +T .
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2. In the second configuration one of the upper or lower neighbouring cells is
occupied. The probability for that configuration is p,_, = (1 - ,0)2 P

. . o 1-D
A forward step is made with a probability of p, .. =D+ 5

This case occurs in two different forms: either the upper neighbouring cell is
occupied or the lower neighbouring cell. Due to that, the probability has to be
multiplied with a factor 2.

3. The last case is the one with only the front cell unoccupied. The forward step

has a probability of p, ... =1 and this configuration arises with a probability
2

Ofpconf,:(l_p).p .

Writing this all together leads to the following expression for the mean veloc-
ity:

51 p) .(DH‘TD}z.u_py.p.[D+1‘2Dj+(1_p).pz.

Figure 5 shows the analytical solution and some measured graphs for the mean
velocity. It is obvious that the analytical solution becomes worthless for narrow
corridors. The reason is the effect of the boundary lanes on the mean velocity. For
corridors with an infinite width the analytical solution would fit well.
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Figure 5: Comparison of the analytical solution with measured values for the
mean velocity.

4 Outlook

An improved analytical solution regarding the boundary lanes is in progress.
This will lead to a better fit of the analytical solution to the measured data.

A next step for the simulations will be an investigation of the model regarding
obstacles and crossing traffic.
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A faster implementation of the model is the basis for finding the lowest jam cre-
ating density.

References

1. M. Muramatsu, T. Irie, and T. Nagatani, Jamming transition in pedestrian
counter flow, Physica A 267, 487-498 (1999).

2. V.J. Blue and J.L. Adler, Cellular automata microsimulation of bi-directional
pedestrian flows, Journal of the Transportation Research Board 1678, 135-141
(2000).

3. C. Burstedde, K. Klauck, A. Schadschneider, and J. Zittartz, Simulation of pe-
destrian dynamics using a 2-dimensional cellular automaton, cond-mat/0102397
(2001).

4. J. J. Fruin, Pedestrian Planning and Design, (Metropolitan Association of Ur-
ban Designers and Environmental Planners, New York, 1971).

5. D. Helbing, Theoretical foundation of macroscopic traffic models, Physica A
219, 375 (1995).

6. L.F. Henderson, The statistics of crowd fluids, Nature 229, 381-383 (1971).

7. L.F. Henderson, Sexual differences in human crowd motion, Nature 240, 353-
355 (1972).

8. D. Helbing, H.-J. Hermann, M. Schreckenberg, and D.E. Wolf, (Eds.), Traffic
and Granular Flow '99, (Springer, Berlin, 2000).

9. H.W. Hamacher and S.A. Tjandra, Mathematical modelling of evacuation
problems - a state of the art, in: [18], M. Schreckenberg and S.D. Sharma (Eds.),
in print.

10. H. Kliipfel, T. Meyer-Konig, J. Wahle, and M. Schreckenberg, Microscopic
simulation of evacuation processes on passenger ships, in: Proceedings of the
Fourth International Conference on Cellular Automata for Research and Industry,
pp- 63-71 (Karlsruhe, 2000).

11. M. Muramatsu and T. Nagatani, Jamming transition in two-dimensional pedes-
trian traffic, Physica A 275, 281-291 (2000).

12. T. Nagatani, Jamming transition in the traffic-flow model with two level cross-
ing, Phys. Rev. E 48, 3290 (1993).

13. K. Nishidate and M. Baba, Cellular automaton model for random walkers,
Phys. Rev. Lett. 77 (9), 1675-1678 (1996).

14. Di Nello (Ed.), SFPE Handbook of Fire Protection Engineering, (National Fire
Protection Association, 2™ edition, 1995).



200 A. KeBel, H. Kliipfel, J. Wahle, and M. Schreckenberg

15.K. Nagel and M. Schreckenberg, 4 cellular automaton model for freeway traf-
fic, J. Physique I 2, 2221-2229 (1992).

16.R.A. Smith and J.F. Dickie (Eds.), Engineering for crowd safety, (Elsevier,
Amsterdam, 1993).

17.1.J. Sriver and Y.-I. Kwon, Recent pedestrian planning issues and initiatives in
Japan and South Korea, Transportation Research Board 1695, 14-18 (1996).

18. M. Schreckenberg and S.D. Sharma (Eds.), Proceedings of the International
Conference on Pedestrian and Evacuation Dynamics, (Springer, Berlin, 2001), in
print.

19.S. Tadaki and M. Kikuchi, Jam phases in a two-dimensional cellular-
automaton model of traffic flow, Phys. Rev. E 50, 4564 (1994)

20. Transportation Research Board, Highway Capacity Manual, Chapter 13:
Pedestrians (1994).

21.U. Weidmann, Transporttechnik der Fufsgdnger, Schriftenreihe des IVT 90,
(ETH Ziirich, Januar 1992).



	Introduction
	Model
	Update Procedures

	Simulation Results
	Analytical Solution
	Outlook

