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Abstract— Asthe number of vehicles continuesto grow, more accidents occur most likely due to careless
driving of the driverswho do not maintain the safety distance. To assist managersin their tasks of traffic
planning, a system for decision support becomes essential. This article aims to describe our interactive
control system (ICS), which falls into this category. Such a system should allow, through graphical tools,
to view the current state of the traffic to make decisions to avoid congestion problems that are essentially
the cause of car accidents.
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l. INTRODUCTION

In recent years, most industrialized societies have started to notice the limits of the growth of urban traffic.
The traffic demand in cities has largely exceeded the roads capacity and we face the problem of increasing
pollution, consumption, waiting time and growing frequency of car accidents. To circumvent the problem,
constructing additional roadways could be seen as an intuitive solution, but this is undesirable due to political
objections or impractical because of the high costs of construction. Faced with this complex problem, many
researchers are beginning to think seriously to find solutions. They are motivated by two main elements:

On the one hand, a number of traffic models have been proposed to investigate the dynamical behavior of
the traffic flow, including fluid dynamical models [1], gas-kinetic models [2,3], car following models [4] and
cellular automata models [5,6]. Compared with others traffic models, cellular automata models are conceptually
simpler and can be easily implemented on computers for numerical investigations. The related research has been
developed very quickly in the last decade after the first basic cellular automata model was proposed by Nagel
and Schreckenberg [5], describing a single-lane traffic flow.

On the other hand, when a traffic management system involves many thousands of vehicles using hundreds
of streets and highways, it can be difficult or impossible to tell whether the network is flowing smoothly and to
predict how modifications to dynamic control parameters will affect the system. For such systems a
management tool has become more and more important for evaluating, planning, controlling and predicting the
effects of changesin parameters of the control system.

The aim of this paper is to describe an Interactive Control System (ICS) whose purpose is to help human
controllers (with ergonomic and easy to use Human Machine Interface) to avoid having congestion problems
(deadlocks, bottlenecks, jams, ...) in traffic if they have not yet materialized, and disabling them quickly if they
have. These praoblems in traffic can be caused by car incidents like collision, accidents or car failures. They can
also be caused by deterioration in traffic network flow like jams. Congestion problems can be used as basis for
the ICS to visualize the current state of the network allowing then the planners to explore through different
graphical tools (curves, histograms ...) how avoiding such problems.
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Our work is divided into two distinct parts. The first one concerns the simulation of car accidents. This
section begins by recalling some models used to investigate the dynamical behavior of the traffic flow (section
I1.1) and those used for the simulations of car accidents (section 11.2). The second part meanwhile, deals with
the architecture of our system. We begin in Section I11.1 by recaling the benefits (advantages) of a modular
architecture. Section 111.2 presents the UML modeling of the ICS. Results of micro-simulation, considering the
probability of the occurrence of car accidents, are shown in Section 111.3 and finally, in Section IV are presented
the conclusions and possible future work.

Il. MODELSAND THEORETICAL TECHNIQUES

In the cellular automata models alane is represented by one dimensional lattice of L sites. Each of the lattice
sites can be either empty or occupied by at most one vehicle. If periodic boundary conditions are imposed, the
density p of the vehicles is N/L where N (<L) is the total number of vehicles. Throughout this paper we shall
follow the convention that the vehicles move from l€ft to right.

A. Car traffic models

The evolution of complex urban traffic has posed significant challenges to city planners in terms of
optimizing traffic flows in anormally congested traffic network. When designing traffic control systems of a big
city, the software engineer must model both mobile entities (cars, pedestrians, vehicular flow, and so on) and
fixed entities (roads, traffic lights and so on). The task is not obvious, so the need of models. A good model
should avoid incidents that may arise such as accidents, collisions and car failures, in order to solve congestion
problems in traffic like deadlocks, bottlenecks and jams.

1. The NaSch Mode

In recent years it has turned out that cellular automata are excellent tools for the simulation of large scale
traffic networks. The most prominent example for this kind of models, the NaSch model, has been introduced by
Nagel and Schreckenberg [5].

For sake of completeness we briefly recall the definition of the NaSch model [5]. The NaSch model is a
discrete model for traffic flow. The road is divided into L cells of equal size numbered by i=1, 2, ... L. Each
cell can be either empty or occupied by exactly one car. The cars have avelocity v =0, 1, ..., Vima, Where vy,
represents the speed limit. The cars move from the left to the right on a lane with periodic boundary conditions
(the number of cars remains constant). Let x(i,t) and v(i,t) denote the position and the velocity of the ith car at
timet, respectively. The number of empty cellsin front of the ith vehicle is denoted by g(i,t) = x(i+1,t) —x(i,t) -
1. g(i,t) is the gap between the ith car and the preceding one. The system update is performed in parallel for all
cars according to the following rules:

Acceleration : v(i,t+1) €< min(v(i,t) + 1, Via)
Deceleration : v(i,t+1) < min(v(i,t+1), gap(i,t))

Noise: v(it+1) € max(v(i,t+1) — 1, 0), with probability p
Motion: x(i,t+1) € x(i,t) + v(i,t+1)

S

These four rules can be interpreted as follows: the driver tends to drive as fast as possible without exceeding
the maximum velocity (rule 1), but he must decelerate to avoid collision (rule 2). The rule 3 caled also the
randomization rule, takes into account the different behaviora patterns of the individua drivers, especially
nondeterministic acceleration and overreaction while slowing down. The rule 4 moves the vehicle according to
its current velocity.

2. The NaSch Model with the «<Sow-To-Stop » rule

Clarridge et a. [7] has proposed a variant of the basic NaSch model. This amelioration concerns the
deceleration of vehicles by adding a s ow-to-stop” rule. This rule alows driversto look farther ahead and slow
down gradually earlier when their cars come closer to the jam. In this new version of the NaSch model, the car’s
velocities are adjusted at each time step according to the following rules, where v, represents the velocity of
the car ahead (predecessor car):
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1. Acceeration: v(i, t+1) €< min(v(i, t) + 1, Vi)

2. Deceleration (when the predecessor car is nearer): if gap(i, t) < v(i, t+1) and either v(i, t+1) < Vye OF
v(i, t+1) < 2 then v(i, t+1) €< gap(i, t) — 1. Otherwise, if gap(i, t) < v(i, t+1), v(i, t+1) > V¢ and v(i,
t+1) > 2 then v(i, t+1) < min(gap(i, t) — 1, v(i, t+1) — 2)

3. Deceleration (when the next car is far): if v(i, t+1) < gap(i, t) < 2v(i, t+1), then if v(i, t+1) > Vpeq + 4
then v(i, t+1) € v(i, t+1) -2. Otherwisg, if Vyex + 2 < V(i, t+1) < Vpeq + 3then v(i, t+1) €< v(i, t+1) -1

4. Randomization: v(i, t+1) < max(v(i, t+1) — 1, 0), with probability p.

5. Motion: x(i, t+1) € x(i, t) + v(i, t+1)

B. Car accidents Models

Most recently, the occurrence of car accidents has been studied within the framework of cellular automata
models with both periodic boundary conditions [8-11], as well as with open boundary conditions [12].

In the basic NaSch model, car accidents will not occur, because the second rule is designed to avoid
accidents. Thus the safety distance between drivers is respected. However, in real car traffic, accidents occur
most likely due to careless driving of the drivers who do not maintain the safety distance. More precisely, if the
car ahead is moving, expecting it to be moving at the next time step, a careless driver has a tendency to drive as
fast as possible and increases the safety velocity by one unit. At the next time step, it will arrive at the position
of the moving car ahead. If the moving car ahead suddenly stops, or make a great deceleration a collision
between the two cars takes place. These situations are called Dangerous Situations, DS[8, 9].

Moussa [10] has introduced conditions for the occurrence of car accidents in the NaSch model [5]. These
conditions are based on the delayed reaction time of drivers. He distinguished two types of conditions according
to the behavior of the car ahead: sudden stop or abrupt deceleration.

1. Car accidents caused by stopped cars

We assume here that a careless driver (whose driving is not careful enough) who see the car ahead moving,
he excepts it to move again at the next time step, and tends to drive as fast possible. If the leading car stop
suddenly, the successor driver decelerate to avoid collision, but his reaction is carried out after a reaction time t.
This reaction time is defined as the time passed between the instant where the brake light of the predecessor car
is switched on and the one where the successor car begins his braking maneuver.

The dangerous situation (DS) between two neighborhood cars k and k+1 will exists at time t+1 if the
following equations are accomplished [10]:

() Tv(k ) > g(k, 1)
(i) v(k+1, t)> 0
(iii) v(k+1, t+1) = 0

These eguations can be interpreted as follows: The distance required to cover by the kth car during thetimet
is superior to its gap (i), the (k+1)th car is moving at timet (ii) and the (k+1)th car will stop at the next time step
t+1 (iii).

2. Car accidents caused by great deceleration

The second conditions for the occurrence of car accidents concern vehicles moving at high speed. It is
obvious in this case that a great deceleration of a car can cause an accident with its successor. Based on the
delayed reaction time t of the successor vehicle and the unexpected abrupt deceleration of the predecessor
vehicle, the conditions for the occurrence of a DS are expressed [10]. When the vehicle ahead with velocity
v(k+1, t) at time t do an abrupt deceleration at time t+1, its velocity will be reduced to v(k+1, t+1). Thus, if the
covered distance during the delayed reaction time t of the successor vehicle is enough to reach the next time
position of the vehicle ahead, DS happens most likely on the road. Hence, the conditions for the occurrence of
car accidents with respect to abrupt deceleration of the vehicle ahead are as follows:

@) Tv(k, 1) > gk, ) + v(k + 1, t + 1)

(i) v(k + 1, ) —v(k + 1, t + 1) > vg
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Where g(k, t) is the number of empty cells in front of the vehicle k at time t. The parameter vyq is the
deceleration limit beyond which arisk of the occurrence of DS exists.

I1l. ICS. SYSTEM ARCHITECTURE

The programming of the simulation application itself is more complex. On the one hand, there are severa
different objects that both operate independently and interact with each other directly: there is road, vehicles...,
all changing their state as the simulation proceeds. Each of these objects has its own characteristics and behaves
differently. On the other hand, this simulation must alow the planners to see all facets of the traffic under
different constraints. To allow such experiments, the user interface design needs to be considered.

A. Object Oriented Smulation

Object Oriented Simulation (OOS) is a new paradigm that has been applied to simulation problems in many
fields: biology, engineering, economics and sociology. An object-oriented simulation consists of a set of objects
that interact with each other over time. An object can be described by an entity that holds both the descriptive
attributes of the object as well as defines its behavior. For example, suppose you are modeling a car traffic
application, objects that should immediately come to mind include the vehicles, the pedestrians, the traffic
lights, etc. For a vehicle, the position and the velocity are examples of attributes, while the acceleration, the
deceleration and the motion describe the behavior.

The major difference between classical simulation and OOS is in the viewpoint of simulation system. A
classical simulation takes system as complex with the global rules and static description. In this case, model of
system is characterized by global mathematic formulas as statistical function. In contrast, OOS is focusing on
system entities that form the system. The entities are described as autonomous units with its states and
behaviors. Thus simulation is based on interaction among entities (Objects) and its environment.

The paradigm of Object Oriented (and hence the Object Oriented Simulation) presents many advantages like
easier mapping of application concepts into language constructs, more readable code, and large program acting
like a collection of very small programs.

B. ICS UML Modeling

The object-oriented approach in software development is becoming increasingly popular. A significant
number of object-oriented methods [13-18] have been introduced during the past severa years. Since the 90's
the UML [19] is accepted as the standard for the Object Oriented Modeling. Within Object-Oriented analysis
and design, different UML models are employed for modeling the system from different viewpoints and at
different levels of abstractions.

The simulation information we consider are related to two categories. system structure and behavior.
Structural design information is an explicit description of the structure of the base-level objects. This includes
the number of attributes and their data type. Behavioral design information describes the computations and the
communications carried out by the base-level objects. It includes objects behavior, collaboration between
objects, and the state of the objects. Structure and behavior of the system are modeled by diagrams like class
diagram, sequence diagram and state diagram.

Although many diagrams exist, the two most popular are generally acknowledged to be class diagram to
describe the structure and interrel ationships among the classes, and sequence diagram to describe sequences of
method calls among objects that together describe important usage scenarios.

Class diagrams list the fields and methods in each class, and show which classes use other classes, which
inherit from others, and multiplicities of classes in various relationships with other classes. Sequence diagrams
are commonly used for partially documenting the behavior of the software system as interaction patterns among
objects.

In figure 1, we show, through a class diagram, the static structure of our system. It consists of a main class,
the “Controller” which is the entry point to the system. The controller creates a “Road”, generates “Vehicles’
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and starts the “Model”. The outputs of the model are stored in “Data’, which send them in turn to “HMI”
(Human Machine Interface) to be visualized.

\ Controkller \

creates
St%lrts generates *
1 o « | Vehicles |
: 1
. Model \ff—fw77§E°f?5,,,”7*74 Sata
*
sends
NS | | STS | Eii

Figure 1. Class diagram representing the statistical structure of ICS. Two models are considered, the NaSch model (NS) and the NaSch with
the “slow-to-stop” rule (STS)

The communication between objects in our system isillustrated with a sequence diagram of the figure 2. The
interaction among objects is performed by communication called “message passing.” One object sends a
message to another and the receiving object then responds.

Once the user starts the system, aroad is created and N cars are randomly generates (with random positions
and velocities values). The vehicles are then moved according to the model rules. Output information (density p,
average velocity <v>, flow j ...) are first stored in the Data object before sending them to the HMI object to be
visualized. Figure 3 and figure 4 show two examples of HMI of the ICS simulator.

ISSN : 0975-3397 Vol. 3No. 8 August 2011 2969



A. Madani et al. / International Journal on Computer Science and Engineering (1JCSE)

ICS: Sequence Diagram
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Figure 2. Sequence diagram of ICS. The diagram represents the behavioral aspect of the system in term of communications between objects
of the ICS

C. Smulation Results

We use the ICS to simulate the probability of car accidents using two models, the basic NaSch model (NS)
and the NaSch model with the “slow-to-stop” rule (STS). Before going on, we would like to describe our
standard simulation set-up for the following observations. We simulated a system of length L=1000 cells with
closed boundary conditions, i.e. the traffic is running in aloop. We start with random initial conditions. N cars
are randomly distributed on the lane around the complete loop with an initial speed taking a discrete random
value between 0 and v Since the system is closed, the average density p=N/L remains constant with time.
Next, we update the individual car velocities and positions in accordance with rules of the model (NaSch model
and NaSch model with the “dow-to-stop” rule). Each density is simulated for T=2000 time steps, of which the
first half (1000) were discarded to let transients die out and for the system to reach its asymptotic steady state.
The table 1 shows the parameters used in this paper.
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Figure 3. An example of aHMI of our system. On the left, we represent the average velocity vs the density, while on the right, we represent
the fundamental diagram.
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Figure 4. A HMI representing the probability, pac, of the occurrence of car accidents for the two conditions

Table 1: Parameters selected in the simulation

Length of each cell (m)
Length of each car (cell)
Total number of cells
Maximum velocity (cell)
Randomization probability
Deceleration limit vd (cell)
Delayed reaction timet ()

7.5

1
1000
5

0.3

2

1

ISSN : 0975-3397

Vol. 3No. 8 August 2011

2971



A. Madani et al. / International Journal on Computer Science and Engineering (1JCSE)

Using our Interactive Control System simulator, we show an example of the experiment simulation for the
study of the probability of car accident (Fig.4). The dependence of the probability of car accidents on the car
density can beinterpreted as follows:

In the free flow region (when the density < p ;), al vehicles move with the maximum velocity Ve as shown
in figure 3. Since the density is low, the mean gap between vehicles is superior to Vi, thus there is no stopped
cars exists. The probability of the occurrence of car accidentsin this areais zero.

When the density p > p ; we are in the congested traffic. In this region, we can distinguish two different
regimes [20]. In thefirst one (p; < p < py), spontaneous jams are formed, and then dissolve after a while and the
cars move with maximum velocity. The drivers tend to accelerate as much as possible. Once a jam is formed,
careless drivers do not react quickly and car accidents occur frequently. In the second region of the congested
traffic (p> < p< ps), asuper jam exists. The drivers are obliged to reduce at most their velocities. The probability
in this case decreases rapidly.

Once the density exceed a certain value (when the density p > p3), the velocities of most vehicles are zero in
every time step. The probability of the occurrence of car accidentsin thisregion is then zero.

Now let's move to see what effect has the “sow-to-stop” rule on the probability of the occurrence of car
accidents. From figure 4, we can see clearly that the probability, pac, obtained with the STS model is very low
compared to that obtained with the NaSch one. It's obvious, since the goal of the rule added to the basic model
is to alow the drivers to look farther ahead and slow down gradually earlier when their cars come closer to the
jam. Thus, thislast kind of driving is highly recommended even though it causes a slight diminution of the total
flow.

IV. CONCLUSION

Every system which helps to aleviate traffic jams needs information about the current traffic situation.
Ideally, traffic data are collected in real-time by locally fixed detectors like inductive |loops or cameras. Another
way consists of using historical surveys to gather information about the traffic. Nevertheless, a lot of road
networks are not adequately equipped with detection devices to gather information about the present traffic state
in the whole network. A possible way to derive information for these regions is to use a smulation models, like
the NaSch model or one of its variants.

The advantage of our simulation system (ICS) is on one hand, the use of the Object Oriented paradigm with
the UML and Java, and on the other hand the use of traffic flow model. The model is necessary to perform the
micro-simulations. Since a simulation system requires a high computation speed, a simple and efficient model is
inevitable.

On the other hand, since car accidents cannot be directly measured, our ICS simulator can be an appropriate
tool for the accidents analysis and the prevention strategy. In order to test the simulator, we gave some examples
of the experiments simulation and we showed that "looking farther ahead" and "slowing down gradually" could
be adriver’s attitude that can cause a decrease of the risk of car accident.
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