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ABSTRACT 

 

Traffic flow micro simulations are interesting for transport 
planning problems due to their high temporal and spatial 
resolution. Cellular automata (CA) are mathematical idealizations of 
physical systems in which space and time are discrete, and physical 
quantities take on a finite set of discrete values. In this paper, we 
explore the usefulness of CA to traffic flow modeling. A CA 
model is applied to a single-lane highway with a ring topology. 
Simulation results show the ability of this modeling paradigm to 
capture the most important features of the traffic flow phenomena. 
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1.  INTRODUCTION   
 

 Today, when cars are part of 
everyday life and more and more families 
tend to own more than one car, the traffic 
congestion becomes a very important issue. 
Traffic flow simulation is an important 
problem in transport planning, as it 
represents the final link between the 
description of travel demand and the 
emergence of flow densities, volumes, and 
travel speeds. Many scientists have tried to 
develop various mathematical models (such 
as the car following model, the cellular 
automaton model, the particle-hopping 
model) in order to describe and, 
subsequently, optimize traffic flow. CA 

models also belong to the group of 
microscopic models but they use discrete 
time and space in the calculations. A CA is 
a extremely simplified program for the 
simulation of complex transportation 
systems. The first application of the CA for 
simulation of traffic flows on streets and 
highways was introduced by Nagel and 
Scheckenberg (1992). From the perspective 
of traffic flow, it is possible to relate the cell 
states with significant quantities such as 
travel time, vehicle speed, throughput, etc. 
CA models have the distinction of being 
able to capture micro-level dynamics and 
relate these to macro level traffic flow 
behavior. 
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2.  THE NATURE OF THE TRAFFIC  
     ASSIGNMENT PROBLEM 
 
 The first task in modeling traffic 
on a network is to identify the reasonable 
routes, which do not backtrack, between 
each origin and destination and to identify 
the shortest (in terms of travel time). Then 
there are two main possibilities: assign all of 
the traffic to the shortest route between each 
O-D pair or distribute it approximately 
normally across all reasonable routes 
between each pair. The latter is usual for 
non-urban routes where congestion is not 
significant. Where congestion is significant, 
it has been more usual to initially assign to 
shortest routes.  Figure 1 shows traffic 
assigned to the shortest (quickest) paths 
from A to B and so on. After the traffic 
between only four O-D pairs has been 
assigned, the links in the K-J corridor are 
becoming congested. In real life, motorists 
would start to seek alternative routes, and 
the modeler must mimic this behavior. In 
other words, the modeling process is based 
on people pursuing their own objectives. 
 

 

 
 

Figure 1. Initial assignments of origin-destination 
traffic to shortest routes. 

3.  TYPES OF MODELIN G 
 
There are three types of traffic flow 
models 
 
• Microscopic models (Car following 

models, cellular automata models) 
• Mesoscopic models (Gas Kinetic models) 
• Macroscopic models (LWR models) 
 
3.1 Microscopic models – Car following  
      models 
 

 Microscopic models describe traffic 
behavior as emerging from discrete entities 
interacting with each other. Microscopic 
models describe traffic operations during 
discrete time intervals over continuous 
time. They range from simple analytical 
models, such as car- following models3,  to  
detailed  simulation  models,  such  as  the  
FRESIM1 and NETSIM10 simulation software. 
 
3.2 Mesoscopic models – Gas Kinetic  
      models 
 

 Mesoscopic models are covering 
the space between macroscopic and 
microscopic models. They combine the use 
of traffic flow variables with resolving 
interaction between vehicles. In kinetic 
theory, traffic is treated as a gas of 
interacting particles where each particle 
represents a vehicle. Instead of describing 
the traffic dynamics of individual vehicles, 
gas-kinetic traffic flow models describe the 
dynamics of the velocity distribution 
functions of vehicles in the traffic flow. 
 
3.3 Macroscopic models – LWR models 
 

 LWR model named after Lighthill 
(L), Whitham (W) and Richards (R) who 
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developed it independently in 1950’s. The 
LWR model describes the traffic on a link 
using conservation law. The strongest point 
of the LWR model is its capacity for 
analytical solutions. LWR model shows, by 
using diagrams, the relation between flow 
q and density ρ  when traffic is stationary 
and homogeneous. Because the real traffic 
is not ideal the use of this type of 
modeling is problematic.   
 
4.  CELLULAR AUTOMATA (CA) 
 
 Cellular automata are mathematical 
idealizations of physical systems in which 
space and time are discrete, and physical 
quantities take on a finite set of discrete 
values.  A cellular automaton consists of a 
regular uniform lattice, usually finite in 
extent, with discrete variables occupying 
the various sites. The state of a cellular 
automaton is completely specified by the 
values of the variables at each site.  The 
variables at each site are updated 
simultaneously, based on the values of the 
variables in their neighborhood at the 
preceding time step, and according to a 
definite set of "local rule." (see9 for a 
general review).  Performance metrics are 
generally obtained through computer 
simulation of the evolution of the cellular 
automaton over time. The  transportation 
simulation  group  at  Los  Alamos  National  
Lab  have  developed  the  Transportation 
Analysis Simulation System (TRANSIMS)12 
are co-operating with The Centre for 
Parallel  Computing  at  University  of  
Cologne  in  using  cellular  automata  for  
the micro simulation of traffic flow. 

5.  THE ADVANTAGES OF CA  
     TRAFFIC FLOW MODEL 
 

 The use of the cellular automata in 
modeling has certain advantages, as 
compared to other types of models. The 
most important of its advantages are the 
following: 
 

• The model is simple. And it is easy to be 
achieved on the computer. 

• It can   re-create   all   kinds of 
complicated   traffic phenomena and 
reflect the properties of traffic flow. 

• The roads are divided into plenty of 
minute lattices. The conditions of cars 
turning are simplified as traveling in 
straight lines. It can make the parameters 
of roads simplify. 

• CA  model  is  a  dynamic  model,  
which  consists  of limitless  discrete  of  
space,  limited  discrete  of  state,  all 
discrete time is integer. Complex system 
is analyzed based on the model, which 
taking above simple description 

• Once the local interactions between the 
cells are solved, the system can be 
increased up to any size, without any 
other modeling problems. 

• The results of the scientific research and 
the experiments   reported   in   the 
scientific literature prove that the traffic 
simulation with cellular automata is an 
interesting and useful research topic. 

 

6.  FUNDAMENTAL DIAGRAM  
 

 The fundamental diagram 
describes the connection between density 
and flow rate on the road. When the 
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density is low, that is, vehi
from each other, the flow increases
with increasing density.  
density reaches certain value,
to ‘interact’  with each 
become cautious and lower 
to maintain a safe distance
ahead.  The lowering of vel
the flow to decrease.  As the
increases, vehicle velocities 
finally a point is reached when
completely jammed and 
drops to zero. The diagram 
shows the qualitative velocity
of vehicles on the density. In
traffic flow, it is supposed that
flow rate (Q(ρ)) is related 
(ρ) and the average veloci
(V (ρ)) as5  Q(ρ) = ρ V(ρ). 
 The fundamental diag
is only qualitative and refers
with vehicles moving with 
to each other and with the same
 

 
Figure 2:   Qualitative forms  
(a) of the Fundamental diagram 
ρ = density, V = velocity) and  
(b) of the related dependence 
and out of danger” velocity of
density. The term ρ̂ is the maxima
of vehicles in traffic flow.  Figure
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7.  CA MODELS USING RULE 184
 
 In each step of its evolution, the 
Rule 184 automaton applies the following 
rule to determine the new state of each cell, 
in a one-dimensional array of cells:
 
current pattern 111 110 101 100 011

new state for 
center cell 

1 0 1 1 1 

 
or it can also be expressed in the
below 
 

 

 
 

 According to rule 
evolution of a particular cell 
its t wo  immediate neighbors, i.e.
in front of and behind it.  Bla
indicates that the cell is occupied
“vehicles” and white or “0”
“empty spaces”.  In this
“vehicles” are moving to the right
“vehicle” has an “empty space
of it, it will move one unit to
Otherwise, i t will remain in 
cell.  To further i l l us t ra te, in
4, there is a left black cell 
central cell at initial time step. 
step, the vehicle in the left bla
trans located to the centre
initial central cell is empty.  In
5, the central cell is occupied
and the right cell is empty and
block the vehicle in the central 
next iteration step, the vehicle

) 

898) 
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central cell proceeds and empty cell is 
obtained. 
 Under this rule, the number of filled 
cell, which indicates the occupancy by a 
vehicle, does not change, or the density of 
1’s is conserved. 
 

1.Acceleration   
of free vehicles 

IF (v < vmax )  
THEN  v = v + 1 

2.Slowing 
down due to 
other  cars 

IF (v > gap)  
THEN  v = gap 

3.Stochastic   
drier behavior 

IF [(v > 0)  
AND (rand  < pnoise)] 
 THEN  v = v − 1 

4. Driving                                                                                           The new velocity vn 

 for each car n has been 
determined forward by vn 
cells:    xn -> xn+vn 

 

 
 
Fig. 3 : The simulation result of rule 184 after 

25 time-steps 
 
 
8.  NASHA MODEL – KAI NAGEL AND  
     MICHAEL SCHRECKENBERG  
     MODEL 
 
 In Nagel’s paper, a simplified 
approach o f CA model is adopted.  In 
this model, a simple single-lane CA is set 
up. 
 

 
 

Fig 4 : Schematic diagram of a simple 
single-lane CA model 

 To describe the state of a street 
using a CA, the street is first divided into 
cells of length 7.5 m. This corresponds to the 
typical space (car length + distance to the 
preceding car) occupied by a car in a dense 
jam. Each cell can now either be empty or 
occupied by exactly one car. Each vehicle is 
characterized by its current velocity v which 
can take the values v = 0,1,2,... ,vmax.  
 Here vmax corresponds e.g. to a speed 
limit and is therefore the same for all cars (in 
the simplest case). The maximum velocity 
of vehiclemax  is defined to be 5 cell 
length, which corresponds to 37.5/s  or 135 
km/h .The  number  of unoccupied  cells 
between two consecutive  vehicles is 
defined as “gap”.   In a single-lane CA 
model for traffic flow, the following rules 
are applied in each iteration, which 
corresponds to 1 second of real time. 
 The simplest rule set, which leads to 
a realistic behaviour, has been introduced in 
1992 by Nagel und Schreckenberg8. It 
consists of 4 steps that have to apply at the 
same time to all the cars (parallel or 
synchronous dynamics).  
 
8.1 Forward rules 
 
 In each iteration, the 3 steps are 
carried out sequentially.  In step 1, the 
vehicle is accelerated by 1 cell-length if its 
velocity is smaller than vmax. This is 
based on two  assumptions that 1) Drivers  
always try  to maximize  their  speed and  
2) The  acceleration  of vehicle is constant  
at 7.5m/s2 for all vehicles traveling at all 
speeds below vmax.  
 Step 2 states a safety measure.  It 
forces vehicles which travel at v greater 
than gap to slow down to v = gap.  Step 3 
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takes other factors that may slow the 
driver down, such as less smooth roads, 
into account. Pnoise   is a predefined  
parameter representing the  probability 
with  which the  vehicle is slowed down by 
1 unit, such that 0< pnoise  <1. In each 
iteration, a random number generator 
generates a number, which is then 
compared with pnoise.  When (v > 0) 
AND (rand < pnoise), v is decreased by 1 
cell-length.  Note that in this model, v is 
an integer number of cell-length, i.e. 
multiples of 7.5 m/s. 

 
9.  MODIFIED NAGAL CA MODEL 
 
 The model presented here is a 
probabilistic CA. It consists of N vehicles 
moving in one direction on a one-
dimensional lattice of L cells arranged in a 
ring topology. The number of vehicles is 
fixed. Each cell is either empty or is 
occupied by just one vehicle traveling with 
velocity v, that takes values ranging from 0 
to vmax. The typical length of a cell (∆x) is 
around 7.5 m. It is interpreted as the length 
of a vehicle plus the distance between 
vehicles in a jam, but it can be suitably 
adjusted according to the problem under 
consideration. The time step (∆t) is taken to 
be 1s. Therefore, transitions are from            
t → t + 1.  This time step is on the order of 
humans reaction time. It can also easily 
modified. With these values of   ∆x and ∆t, υ 
= 1 corresponds to a vehicle moving from 
one cell to the down stream neighbor cell 
and translates into 27 km/h. The maximum 
velocity is set vmax = 5, which is equivalent 
to 135km/h. Units in position x denote the 
number of cell in the lattice; in velocity υ, 

number of cells per unit time, and in time t, 
number of time steps. 
 Let νi  and xi  denotes the current 
velocity and position of vehicle i and νp and 
xp be the velocity and position of the vehicle 
ahead (preceding vehicle) at a given time    
di = xp - xi -1 Denotes the distance (number of 
empty cells) in front of the vehicle in 
position  xi . 

 State transitions are defined with the 
following set of rules, which are applied 
simultaneously to all vehicles. 
 

S1 :  Acceleration  : If  νi  < νmax the velocity 
of  vehicle i  is increase by  one.  
νi  → min ( νi  + 1, νmax ). 
 
S2: Randomization : If  νi > 0, the velocity 
of vehicle i is decreased randomly by one 
with probability R.  
νi →  max (νi - 1 ,0)   with probability R. 
 
S3:Declaration :If round (di +(1 – α) νp )      
< νi , the velocity of vehicle i is  reduced to   
round (di  + ( 1 – α ) νp ).  
νi  → min (νi ,  round (di  + ( 1 – α ) νp ), 
where the function round runcates its 
argument to the closest integer. 
 

S4: Vehicle Moment : Each vehicle is 
moved forward according to its new velocity 
determined  in steps 1 to 3.  
       xi   →   xi  +  νi  
 
 Rules S1, S2 and S3 are 
designed to update velocity of vehicles; 
rule S4 updates position. According to this, 
state updating is divided into two stages,  
first velocity, second  position. Rule S3 is 
the main modification  to the model  in Nagel  
and Schreckenberg8 that will be referred to as 
the NaSch model. 
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10.   SIMULATION RESULTS
 

 To simulate the CA model of the 
previous section, a closed system with 
L = 104 cells, representing a one
is used. N vehicles are randomly distributed 
on the lane around the loop with an initial 
speed taking a discrete random value 
between 0 and vmax. Since the system is 
closed, the average density, ρ

remains constant in time. Different values of 
N, R and α were simulated. Each run was 
simulated for      T = 6 * L time steps. To 
analyze results, the first half of the 
 

Fig.5 Fundamental diagram
 
 Fig.5 shows the fundamental 
diagram obtained for different values of α

and a fixed value of R = 0.
Fig.5 is composed by the results of many 
simulations using the same value of R and 
values of number of vehicles N ranging from 
0 to L. The value of N / L for each
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RESULTS 

To simulate the CA model of the 
previous section, a closed system with         

cells, representing a one-lane loop, 
is used. N vehicles are randomly distributed 
on the lane around the loop with an initial 
speed taking a discrete random value 

. Since the system is 
closed, the average density, ρ = N / L, 

tant in time. Different values of 
α were simulated. Each run was 

simulated for      T = 6 * L time steps. To 
analyze results, the first half of the 

simulation was discarded to allow the 
system to reach its steady state. For each 
simulation, a value for parameter α
established to set the desired degree of safe 
distance among vehicles. 
 

 For example, the value α
corresponds to minimal safety requirements 
allowing vehicles to occupy neighboring 
cells at high speeds. A convenient way to 
demonstrate that the model reproduces 
traffic flow behavior is to plot the 
fundamental diagrams, that is, the relation 
between flow and density. 

 
 

diagram for different values of safety factor α , and noise R = 0.4.

Fig.5 shows the fundamental 
diagram obtained for different values of α 
and a fixed value of R = 0.4. Each plot in 
Fig.5 is composed by the results of many 
simulations using the same value of R and 

vehicles N ranging from 
The value of N / L for each simulation 

is in the horizontal axis, while the average 
flow for that run of N is in the vertical axis. 
Fig.5 also illustrates the impact of the 
driving strategies coded in α. The maximum 
flow changes with the inverse of α
smaller values of α imply larger flows.
 It is interesting to note that values of 

) 862 

898) 

simulation was discarded to allow the 
system to reach its steady state. For each 

e for parameter α was 
established to set the desired degree of safe 

For example, the value α = 0 
corresponds to minimal safety requirements 
allowing vehicles to occupy neighboring 
cells at high speeds. A convenient way to 

rate that the model reproduces 
traffic flow behavior is to plot the 
fundamental diagrams, that is, the relation 

= 0.4. 

is in the horizontal axis, while the average 
N is in the vertical axis. 

Fig.5 also illustrates the impact of the 
α. The maximum 

flow changes with the inverse of α, i.e. 
α imply larger flows. 

It is interesting to note that values of 
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α = 0.25 and α = 0.5 lead to forms of the 
diagram which are significantly different 
from the other cases, indicating a mixed 
condition where the maximum flow is 
attained with a non-maximal velocity. This 
is due to the presence of platoons of vehicles 
traveling at high speed in a synchronized 
fashion. The value of the density for 
maximum flow, ρm, decreases with smaller 
values of α , when α ≤ 0.5. It is also note that 
for low densities and all values of α , the 
slope of the fundamental diagrams is similar, 
indicating that vehicles travel at near 
maximum speed, while the slope in the 
congested region is only equal for values of 

α ≤ 0.5, indicating a similar velocity 
behavior for this situation. 
 Fig.6 shows the velocity diagram 
corresponding to the same simulation 
conditions as in Fig.5. Here note that due to 
the presence of rule S2 the velocity does not 
reach the value of vmax. 
 The effect of the parameter R, that 
represents the probability of traffic 
disturbances, is shown in Fig.7, where the 
induced velocity reduction due to large 
values of R can be appreciated. The greater 
its value, the smaller the flow, for the same 
density values. The location of ρm is pushed 
to the left for greater values of R. 

 
 
 

 
 
 
 

Fig.6. Relationship between mean velocity and density for R = 0.4 and different values of α. 
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Fig.7. Fundamental diagram for safety factor α = 0.25 and different values of R. 
 
 
 

 

 
Fig.8. Fundamental diagram for different values of the safety parameter α and R = 0.2 
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 Fig.8 corresponding to R = 0.2 
shows that for α ≥ 0.5 the fundamental 
diagram is the same as in Fig.5. This 
indicates that when inter-vehicle distance is 
large, a probability of disturbances does not 
alter traffic flow. 
 By comparing the maximum flow 
and the maximum speed variance for       
α = 0 and α = 0.25 , it is noted that the 
maximum flow for α = 0 is 12% higher than 
for α = 0.25. However, the maximum speed 
variance at  α = 0.25 is 50% smaller than for 
α = 0. This is a consequence of the safety 
distance factor. When this factor is higher, 
there exists a smaller propagation of 
fluctuations that prevent variations of speeds 
by the formation of platoons or clusters of 
vehicles. 
 

11.  TWO LANE CA MODEL  
 

 The single lane model is very 
inadequate for realistic modeling 
purposes.  In reality, vehicles would be 
moving in a multi-lane road.  The next 
logical step after modeling a single lane 
traffic is to model a two-lane traffic.  
 Nagel  and  Schreckenberg9 
introduced a  two lane  model consisting 
of two  parallel  single  lane  models  with  
periodic boundary conditions and  four  
additional rules  defining  the exchange  
of vehicles  between  the  lanes.   A basis 
for modeling the lane changing is as 
follows. 
 

Rule 1: Check ahead  your current lane 
if another car is in your  way. 
Rule 2: Check ahead  on the other  lane 
if it is better there. 
Rule 3: Check back on the  other  lane 
if you would get in the  way of another 
vehicle. 

Rule 4 : Based  on the  result  of the  first 
three  rules, decide whether to remain  on 
the  same  lane or change to the  other  
lane. 
 Using these rules and the 
algorithm for the one-lane model, we can 
add the following algorithm for lane 
changing: 
 
Let '

igap  be the forward gap on the other 

land and "
igap  be the backward gap on the 

other land. The vehicle will only be allowed 
to change to the other lane if all of the 
following conditions are satisfied.  

• igap   <   νi  + 1     (Rule  1) 

• '
igap     >   νi          (Rule  2) 

• "
igap    >  νmax        (Rule  3) 

If all rules are satisfied, then the vehicle will 
change lanes.  
     
12.  TRAFFIC FLOW SIMULATORS  
 

TRANSIMS : The Transportation Analysis 
and Simulation System, or TRANSIMS, is 
an integrated system of travel forecasting 
models designed to give transportation 
planners accurate and complete information 
on traffic impacts, congestion, and 
pollution.  TRANSIMS tries to capture 
every important interaction between travel 
subsystems, such as an individual's activity 
plans and congestion on the transportation 
system.  For instance, when a trip takes too 
long, people find other routes, change from 
car to bus or vice versa, leave at different 
times, or decide not to do a given activity 
at a given location. TRANSIMS simulation 
observes the movement of individuals and 
vehicles second by second throughout the 
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entire day rather than total travel for 
various periods.  This movement represents 
realistic traffic dynamics produced from 
interactions of individual vehicles. 
 
VISSIM: VISSIM (Version 4.00),a German 
acronym for "Traffic in Towns -
SIMulation", is a stochastic microscopic 
simulation model that has the ability to 
evaluate vehicular traffic, transit operations, 
and pedestrians. VISSIM was developed at 
the University of Karlsruhe, Germany 
during the early 1970s. Commercial 
distribution of VISSIM began in 1993 by 
PTV Transworld AG, in Germany and is 
distributed in the North America by 
Innovative Transportation Concepts.  
 

HUTSIM: HUTSIM (Traffic Signal 
Simulator) is a versatile traffic simulator 
program designed for microcomputer use.  
It has been mostly used for traffic 
simulations in urban neighborhoods, and 
it can be used for different kinds of 
intersections with a large number of lanes 
and various signalization capabilities both 
for vehicle and pedestrian traffic.  The 
program has mostly been built in the 
Laboratory of Transportation Engineering 
at the Helsinki University of Technology. 
 
12.   CONCLUSION 
 
 In this paper, we explored the 
usefulness of cellular automata to traffic flow 
modeling. We extended some of the existing 
CA models to capture interesting 
characteristics of traffic flow that have not 
been possible to model using either 
conventional analytical models or existing 
simulation techniques. Using CA models, 
we were able to examine higher moments 

of traffic flow, which we show to behave in 
a rather unexpected fashion. We also 
showed that CA models are more amenable 
to modeling multi-lane traffic. Lane 
changing rules and behavior can be explicitly 
accounted for in the model.  The impact of 
these rules and behaviors becomes then 
easier to examine. Simulation results 
illustrate  that this model captures  the 
essential features of traffic flow encoded in 
the  fundamental diagram, while preserving 
simplicity that allows  rapid simulation that 
can prove useful for application to large 
scale traffic networks. 
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