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Abstract. To offer high quality services, when users are increasingly demanding and competi-
tion more and more hard, is now a major problem that transportation companies are faced with.
So, ensuring a regular traffic needs to identify the randomly occurring disturbances that affect the

transportation system and to eliminate or reduce their impacts on the traffic.

This paper presents a decision support system TRSS (Traffic Regulation Support System). TRSS
is a supervision environment for the regulation of urban transportation system. TRSS (tram and
bus) is based on the regulation operator decision-making process. It provides the operator with the
information he needs to identify disturbances and evaluate potential corrective actions to be carried

out, according to the regulation strategy he has selected.

The first part of the paper presents the decision model we work with. The second part deals with
the functional model used in the decision support system. Decision support system for transporta-
tion and characteristics of a DSS for a transportation system are described in the third part. In the
fourth part, we present the components of the decision-making TRSS supervision tool. In the fifth
part, we present the criteria of evaluation and the sixth part is devoted to the presentation of the

results.

Key words: urban transportation system (UTS), regulation, decision support system, cognitive

engineering, case-based reasoning (CBR).
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1. Introduction

The quality of service to the users of the systems of transport is an essential element
of competitiveness for the haulage companies. It covers multiple aspects, in particular:
comfort, safety, punctuality and the effective management of the incidents. The latter two
aspects relate to the regulation of the traffic which must ensure the control of the distur-
bances appearing at the time of the exploitation of the transportation system. The regula-
tion of the traffic is a complex task, where the decisions are made according to the state
running of the transportation system. The owners of the network encounter many diffi-
culties to maintain traffic in conformity with estimated planning (theoretical timetable)
and to comply with the rules of use (rules of regulation, safety requirements, commercial
role of the company...). The encountered difficulties are due for example to the bad con-
ditions of circulation, staff shortage, breakdowns of material, desynchronisation between
the various means of transport.

The installation of an Automatic Monitoring Vehicle (AVM) brought a sensitive help
to the operators of regulation (regulators). The AVM allow the follow-up in real time
the exploitation of an urban transportation system and treat very significant quantities
of information relating to the network. But, in the event of disturbances, the regulators
cannot take into account the whole of this information. It is thus necessary, to enable
them to make effective decisions, to provide them relevant information. It is the role of
Traffic Regulation Support System (TRSS) which, starting from the whole of the infor-
mation provided by the AVM, must identify the disturbances which appear and propose
and evaluate corrective actions. In addition, the TRSS is necessarily interactive, and must
leave with the regulator control management of the disturbances and the choice of the
corrective actions. The objective of our work is thus to propose a decision-making sys-
tem for regulation, guiding the regulator in its step of diagnosis of the disturbances and
development of actions of regulation. This objective led us, initially, to establish a model
of the decision-making process of the regulator.

2. Models of the Decision-Making Process of the Regulator
2.1. Context of Regulation

Works undertaken in the field of the decision-making system for regulation of an urban
transportation system are interested mainly in the development of algorithms of auto-
matic regulation. Soulhi (2000) offers a contribution of artificial intelligence in decision-
making in the management of public transportation system by using a fuzzy model. Balbo
(2000), through a multi-agents architecture, is interested in planning of offer by readjust-
ing supply in means of transport compared to real: confrontation of the theoretical state
(theoretical timetable) and the true state (real timetables), the correspondences are not
explicitly treated by. Laichour (2002), by adopting a multi-agents approach, offer to reg-
ulate correspondence only by using a limited number of actions of regulation. Chihaib
(2002) uses a fuzzy approach for regulation to treat disturbances in interstations. Finally
Fayech (2003) adopts a multi-agents approach integrating a genetic algorithm. One can
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note that this work approaches the resolution of regulation problems without taking into
account their integration in an interactive environment necessary for the regulator.

Compared to PTV Vision (Visum, 2005), our project does not make in planning and
the definition again route. Our TRSS uses theoretical planning (TM) and compares the
values of the parameters received from the transportation system via the AVM in order
to start on the request of the regulator for proposing an action of regulation. Our TRSS
exploits actions of regulation employed by the company of transport (Semurval, 2004),
which pushed us to implement the algorithms corresponding to these actions. These al-
gorithms are generally inspired by Cure (1984). However, the implementation of these
actions does not make it possible the regulator at the same time to build only one action
of regulation. This situation, led us to reflect on the capitalisation of the know-how of the
regulator by proposing a module containing case, then in order to enrich the environment
of supervision with other algorithms of regulation, we have to integrate an evolutionary
approach with an anytime algorithm (interruptible) (84.3). This enabled us to propose
with the regulator several solutions for the same disturbance. The advantage of this step
is that we accompany each decision by an evaluation. This evaluation is done on the basis
of number of criteria (85) established with our partners of the Transport Company. These
criteria characterise the evolution of the network and give a precise idea to the regulator
so that it can choose its solution. It is necessary to add moreover, that we do not deal
with simulation, our system TRSS integrates a module which was developed by Bonte
(2004) which is given the responsibility of the complete simulation of the network to be
controlled.

2.2. Models of the Human Operator

Three currents of modelling can be identified in literature (Boy, 2003). The current “hu-
man factor” during period 1940-1955, aims at the modelling of observable elements by
the operators during the accomplishment of their tasks. They are then interested in the
analysis of human activity (Fitts, 1964). In current “automatic human”, period 1955—
1980, the researchers lean on theories of physics to try to model the human operator.
Different models represent this tendency, among which the theory of information (Sheri-
dan, 1974), the model OCM “Optimal Control Model” (Sheridan, 1985) and the model
of the regulation of human activity (Millot, 1988).

Finally, in actual current “cognitive engineering”, the roles of human operators are
rather tasks of supervision, including the decision-making. Technical problems concern
then the decision-making for control, management production, and monitoring or diag-
nosis (Staroswiecki, 1998).

Trough the identification of the behavior of the regulator (Boumane, 2005), we are
located in the cognitive engineering approach because of the quasi-total presence of the
regulator as the final decision-maker at every step of the decision process. An adapted
model for regulation inspired from Rasmussen and Hoc (Hoc, 1996) was presented in
(Bouamrane, 2005). Fig. 1 represents the decisional behavior of the regulator. This figure
shows the identification of this behavior in five phases: acquisition of the disturbances,
analyzes and diagnosis, decision-making, evaluation and actions (implementation of the
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Fig. 1. Synthesis of the decisional pathway adapted to the regulator of an urban transportation system.

adopted solution). In the text that follows, we are particularly interested in the phase
“decision-making” in which, we present the architecture and the operation of the mod-

ules proposed, while the evaluation phase which permit to us to evaluate each decision
recommended to the regulator.

3. Decision Support System for Transportation

In order to realize the necessity of a DSS for transportation System. It is important to
grasp the problems related to a real-time management of traffic.
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3.1. Planning and Regulation Processes

The planning process of a public transport company consists of first establishing different
timetables that describes trips according to the lines, frequencies, transport demand and
travel times in the network. These trips are then transformed into blocks and assigned
to vehicles. A crew scheduling process finally follows this vehicle scheduling (Huisman,
2001). Hence, the vehicle schedules are fixed for every timetable period. This type of
vehicle scheduling is in fact called predictive scheduling (Issai, 2001). It is based on a
periodic review of demand and resource availability in order to create arrival and depar-
ture times for the vehicles at the different stops of the network. However, in reality, travel
times and transport demand are not fixed because of random external influences that af-
fect the traffic within the network and cause disturbances. Consequently, the theoretical
schedules resulting from the planning process cannot be followed exactly, which compels
trips to start late and thus, passengers to wait longer (Borne, 2002).

Therefore, to reduce the effects of the disturbances, the theoretical schedules have to
be adapted to the traffic real conditions through regulation or rescheduling tasks. This
process is then called reactive scheduling. It results in the creation of new schedules
that increase the level of service (LOS) by undertaking operational decisions such as the
injection of an extra vehicle in the network or the deviation of routes of some vehicle.
Presently, it's a human operator, who performs these real time tasks and controls the
global network traffic by treating the information provided by the AVM system and the
vehicle drivers. The LOS can be represented by different regulation criteria such as the
regularity, punctuality and connection criteria.

However, the regulator is usually overloaded with information, which complicates
its decision making task. In addition, despite the AVM system assistance, the regula-
tor spends more than 50% of his work time in communication with the vehicle drivers
(Borne, 2002).

In order to take efficient decisions, it is necessary:
to have a global vision about the network;
to treat immediately the available information about the network state;
to make a space-time analysis for disturbances;
to project in the future the effect of the regulation actions on the network.

Hence, the regulator has to carry out difficult tasks that are often inaccessible at the
human scale especially if many disturbances occur simultaneously, which involves the
assistance of a Decision Support System.

3.2. Characteristics of a DSSfor a Transportation System

As stated previously, a DSS has to start by problem recognition. The disturbances or the
incidents represent the problems in UTS. In order to react as soon as possible against these
problems, the DSS has to predict, if possible, in advance the disturbances. Otherwise, it
has to detect them, identify and analyze them to evaluate their impact on the network
(Fig. 1). Then, a proposal of decisions is communicated to the regulator that chooses the
adequate measures to apply.
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The regulator got a lot of information from the AVM system, at the same time, in
a limited time, he has to take instant decisions to resolve problems which can occur
simultaneously. For this part of the decision support system, we propose a model for
regulation based on a CBR approach that allows to treat the disturbances what frequently
occurs in the same context. In addition, The regulator can reject the solution suggested
by the CBR module and wish to control by itself. Within this framework, we propose to
him a set of actions of regulation based on specific algorithms (mathematical models).

Furthermore, due to network information dispersion, as well as its distributed man-
agement and mobile telecommunication, a distributed model for such a system seems to
be appropriate (Fayech, 2003; Gruer, 2001). Since Agent-based approaches have proven
their efficiency in distributed artificial intelligence domain’s applications. We present in
this context the third model based on a multi-agent Decision Support System for UTS.

The use of the agent-based approach adds a good intelligence component to the sys-
tem. The architecture of this system also has a high degree of multi-cooperation since
the problem solving is based on a mutual adjustment of the solutions between the dif-
ferent agent of the system. In fact, the generation of decisions is undertaken by an agent
based on an anytime algorithm. The success probability can be measured via the different
regulation criteria on which the decision-making relies.

4. The Components of the Module Decision-Making of the TRSS Supervision Tool
The regulation environment is build like a manager of models (Fig. 2). The models exist

within a same architecture and divide the same databases. Each model, when the regulator
chooses it, proposes solutions based on the choice of the regulator. The proposed solutions
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Fig. 2. Principals modules of the supervision tool.
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from each model of decision are evaluated and proposed to the regulator in order to
choose the most appropriated one according to his experience.

This set of models is presented hierarchically to the regulator. The regulator could
order:

1) a Based-Case Reasoning (BCR),

2) build his own solution manually with the held of a toolbox of regulation actions

(classical algorithms of regulation) based on mathematical models,

3) an agent approach integrating anytime algorithm for regulation.

These decision-making modules could be selected according to the complexity of
dysfunction. This complexity or difficulty is measured through a classification process
with the help of parameters, which were measured, on the network and local parameters
of traffic management. The list of parameters contains:
the disturbed vehicle (bus or tram),
the location of the dysfunction (geographical location),

— type of next stop and the distance between it and the dysfunction location,
time of disturbance,

estimated number of passengers on board of the disturbed vehicle,
estimated Number of passengers waiting at the next stop,

— etc....

4.1. Case-Based Reasoning (CBR)

The first mode of reasoning is the reasoning based on cases. Its principle is based on a
reasoning of “analogy” (Burstein, 1989; Mignot, 1997), where experiences from the past
are used to define a solution for a present problem.

A present case composed by a disturbance, which has to be resolved, is taken by the
AVM system or by Radiotelephone. This disturbance case is compared to former cases
in the cases-base. A type of disturbance and its solution compose each one of them. The
comparison is done by the calculation of a measure of similarity, weighted sum of local
comparisons of different descriptions of the disturbance (step “find”).

The cases with the highest scores for this measure are declared nearest neighbors and
are selected to build a solution for the present disturbance (step “reuse”). This solution
will be “reviewed” by the user and then added in the base of cases in order to be used
again in a further step (step “keep”) (Aamodt, 1995; Mille, 1997).

The execution of the cycle allows to create a knowledge base for the resolution of real
problems and to reuse this knowledge to solve future disturbances. This reasoning is used
by human beings in various environments and plays an important role in the expertise

4.1.1. Presentation of the CBR Approach Used

In our decision-making system for regulation, this module is containing a based-case
reasoning organized in form of an indexed database. The disturbance which arrive are
compared thanks to a partial order™such as ifpbl < pb2. We can say that the distur-
bancepbl is more specific thapb2. With each recorded disturbance notedurce” is
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associated an indarx(source) such asdx(source)>source: an index is a generalization
of a disturbance source. The index is organized in a hierdtitiy for the order <”.

To remind a scenario (recorded disturbance) by the meaHsdsf We use two pro-
cesses of classification. Ordinary or strong classification seeks the index of the source
problems, which are more general than the target problem. More precisely, being given
atarget problem, our CBR seeks a disturbarsoairce such addx(source)>target. The
source<idx(source) is a strong classification characterized by the equation

Source < idx(source) > target. Q)

In the event of failure of strong classification, when there is not treated disturbance
source such aisix(source)>target, smooth classification is activated. The latter is based
on a “approximate” pairing. That is to say that the CBR module seek functions of modi-
ficationyp andW¥ such as

Source < idx(source) = o (idx(source)) > U(target) = target, )

where= is read “similar to” and means intuitively “equal to modification near”. The func-
tion of modificationy check the following property: if &reatment(idx(source) is known,
then we can build &eatment(o(idx(source))). Unlike, the function of modificatio® is
such as, if dreatment( ¥ (target)) is known, then dreatment(target) can be built.

The remind in the CBR model seeks a similar treatment to the target disturbance and
establishes how they are similaource is similar totarget if one of the sequences of
relations (1) and (2) betweewurce andtarget is checked. These sequences of relation’s
(1) and (2) are called “ways of similarity”. The measure of similarity in our case is based
on six data:

location:

— name of the nearest stop where the dysfunction is located,
— distance to the next stop,
— distance to the next terminus;

the day time (high traffic, low..);
load of the vehicle (low, average, maximum);
mode of transportation (bus or tramway).

Given atarget disturbance, the casmurce nearest to target is highlighted with a
distance. This distance is based orcast function which, with a way of similarity
Sm(source, target), associates a numerical valaest(Sm(source, target)). Given two
disturbancesource andtarget, the distance from source to target is defined by:

d(source, target) = min {cost(S m(source, target) ) } (3)

The minimum being taken on the whole of the ways of similaSity(source, targets)
from source to target. This distance is similar to an edition distance (Bunke, 1994).
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In other side, any disturbance, which not the solution is in the case-base, could not be
solved. Where the recourse to the two other modules, either a manual construction of the
solution (mathematical model), or an automatic regulation (multi-agent approach).

4.1.2. Why a CBR Approach?

The principal objective of our system of regulation, which is based on a CBR approach,

is to propose to the regulator in a tiny time a solution nearest possible to the disturbance
in progress. This is so that it could be discharged from this task given that it passes more
than 50% of time with the radiotelephone. This approach is applicable insofar as the

consultation of the incident sheets carried out by the services of the maintenance and
regulation raises thousands of incidents per year, whose majority is similar, as much on
the context that on the strategies applied to solve them.

The CBR module has utility only insofar as there are solutions in the database. These
solutions are built by the regulator in a manual way or proposed by the agent approach
(automatic generation of solutions). The two approaches will be presented in the con-
tinuation. The database of the module CBR is enriched through the actions of regulation
composed manually by the regulator or automatically generated by the anytime algorithm
anytime. The database represents the capitalization of the know-how of the regulator, be-
ing given that even the solution suggested by the anytime approach is validated or rejected
by him.

4.2. Building the Decision Manually

The regulator can choose to build his own regulation strategy. In this case the regulation
could be online for one line at once. This line could be a tramway line or a bus line. For
this, the environment of decision-making proposes different tools.

4.2.1. Approach of Temporal Sequentialisation (Tram)
The basic principle is to establish mathematical models, linear or not, to characterize the
transfer between two successive stops of a traffic line with high density.

Two types of equations are established: the equations with deviations and the equa-
tions with intervals (Soulhi, 2000) obeying to the following reasoning, in the case of a
linear modeling:

— determination of the starting moment of the vehig¢)eof the quay £ + 1):
thar = te + 7 + Sk

with ¢ ., — starting moment of the vehic(e) of the quay(k),
ri — time of course of the vehiclg) between the quays) and(k + 1),
s},,1 — time of stop at the statiofk + 1);

— determination of the time of course between the qu&ysand(k + 1):

1 = Ry +uj + W,
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with R;, — time of nominal course enters the qua¥sand(k + 1),
ul —action of the order applied to the vehi¢i¢ between the quay&) and(k+1),
W}, —time of error of modeling.

Modeling is based on the following assumptions:

— the time of parking to quay varies linearly with the number of passengers to embark
in the vehicle;

— the number of passengers to be embarked is proportional to the interval separating
two successive departures from the same quay;

— the characteristics of modeling are stationary over the period considered.

These assumptions enable us to determine the downtime (Stop time) of the ¥&hicle
on the level of the statiofk + 1):

St = Crp1(thyy + %) + D1 + Wiy

with C41 — factor of proportionality binding the number of passengers to be embarked
with the interval of time between two departures,
Dy.+1 — minimal downtime to the quagk + 1),
+. — time of error of modeling.

4.2.1.1. Algorithm of Regulation
The definite algorithms of regulation relate to the established models and have for prin-
cipal objectives:
— aregulation on schedule: the theoretical hour must be respected as well as possible,
— aregulation on interval: keeping a constant interval between the various successive
trams,
— a mixed regulation on schedule and intervals.

This model is an ideal model based on a certain number of assumptions. However,
under disturbed operation, these assumptions can prove to be false, from where interest
to resort to other models.

4.2.1.2 Critical of the Approach of Temporal Sequentialisation
This method of regulation presents for principal advantages:

— to allow a sufficiently detailed simulation of the traffic ensuring a conformity of
the moments of passages quay without being concerned with the state of a tram
between two quays;

— to allow the construction of relatively effective laws of order, requiring only one
limited information collected at the time of the passages to quay only; where are a
reduced cost for the acquisition of information.

Nevertheless, some limit appear:

— no direct connection established explicitly between the order calculated and their
effects on the modification of the values kinematics of the trams;

— the validity of the results obtained is extremely dependent on various estimated
parameters. The difficulty to obtain reliable estimators can influence the validity of
the final results obtained,;



Decision Making System for Regulation of a Bimodal Urban Transportation Network 483

— the disturbances can be treated only in the level of the quays, whereas a reaction at
the time of their detection would be more effective.

4.2.2. Regulation Actions for Buses
The regulator can also control other regulation actions for buses following the specifica-
tion of the location of the dysfunction (connection or inter-station) (Fig. 3).

We suggest following regulation actions used by our partner (Semurval, 2004):

— Top the foot off line: put except service of a vehicle on a course or part of course
which borrows a faster route regular in order to compensate for its delay off line
and to take again the service with the next terminus or an unspecified stop on the
line.

— Direct on line: the vehicle follows the itinerary of the line ensuring only the stops
of descent for the passengers on board.

— Half-turn online: remove of a part of the course to give the vehicle on its theoretical
schedule, at a point of reversal, following a significant delay of this car.

— Half-turn with exchange of drivers and vehicles: the late vehicle is caught by the
vehicle following charged but at the hour. The vehicle at the hour transships its
customers on the late car and exchange of driver. Then, the late vehicle continues
the service on the schedule of the vehicle at the hour. This lasts half-turn and takes
the theoretical schedule of the late car.

— Going beyond and servicein descent only: the following vehicle at the hour catches
up the late vehicle. The second vehicle passes in front of the first and ensures the
service normally. The exceeded vehicle continues the race but ensures only the
stops of descent.

— Departure delayed with the terminus: if a vehicle having a delay higher than its
time of beat to the terminus of arrival, one delays the preceding vehicle with the
terminus of arrival of half of the value of the real delay.
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Fig. 3. The different localization in a transportation network.
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— Exchange of the drivers and the vehicles: a late vehicle is caught by the vehicle
which follows it, then, one carries out a transshipment of passengers of the second
vehicle on the first vehicle which is charged. One exchanges then, the drivers and
the numbers of vehicles. The second vehicle, which is empty, sets out again high
the foot.

— Handing-over per hour by reserve and available: inject a vehicle and a driver on
the theoretical schedule of a vehicle that is late or broken down.

— Regulation in terminus: carry out departures advanced or delayed on a terminus to
restore the regularity of the line.

— Regulation on line: delay proportionally two or three vehicles upstream and down-
stream from a late vehicle to avoid the overload on this one and to help it to not
increase its delay in order to restore the regularity.

The whole set of actions is combined to the set of changing and creating missions.
The corresponded algorithm are available in (Cure, 1984). The choice of actions done by
the regulator could systematically be evaluated with defined criteria.

4.3. Multi-Agent Approach with Evolutionary Regulation Algorithm

4.3.1. Why Multi Agent Approach?

The distributed and opened character of the urban transportation network and the com-
plexity of executing tasks, need a modular decomposition of the considered problem. The
using of the multi-agent paradigm implies the integration of mechanisms, which take into
account the temporal dimension. On the other hand, as we saw the advantage and disad-
vantage of the precedent methods in the treatment of the regulation, we choose a method
which is based on an anytime algorithm which allow the conception of complex applica-
tions in real time and which results get better when the allocated time increases.

4.3.2. A Real Time System and Multi-Agent Approach
The system we propose is composed of agents who have evolutionary reasoning tech-
nigues. The agents adapt constantly the quality of collective’s solutions they propose to
the resources. These agents are in a dynamic and uncertain environment and they have
to share the resources and tasks to get an optimal realization. Our system can predict
any behavior related to the environment with which it interacts to give real guaranties
concerning the respect of the temporal expiration dates.

For that, the recourse to the anytime technique seems a promising solution. The multi-
agents system in our work must acquire a behavior anytime. The acquisition of this be-
havior must be done in two levels:

— the local level: It's the agent level, where the agent will have a behavior anytime;
— the total level: It's the multi-agent level, where the system behaves a anytime com-
portment.

4.3.3. A Distributed Decision-Making System

In our multi-agent system, the agents who form the software system have at the same
time an anytime behaviors and the capacities of functioning in distributed mode. The
characteristics, which are presented by these agents, are following:
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an anytime behavior;

an automata (ATN) allows to model the stopping point of the anytime algorithm;
a clock to measure the time between the states of the automata;
communication functions allowing:

— the communication between the anytime agents of the ho#izon

— the communication between agents of temporal coordination. This means be-

tween two horizong? andH’;
temporal discretisation function;
a time prediction function.

In the decision-making system the anytime properties will be used for a progressive
extracting of information. At the beginning of the extracting process we will have su-
perficial, common and less precise information. The further we go in time the extracted
information will be precise and important.

4.3.3.1.What is an Anytime Behavior?
An anytime agent is an agent with an anytime algorithm and which will be able to:

— give intermediate results of increasing quality at each execution step,
— predict the needed time to obtain the next intermediate result.

4.3.3.2.Temporal Discretisation Function

The aim of this function is to find a time unit, which could be used to measure the expired
time between two states of ATN, and is greater than the base time unit; Theis the
transition between two statésandi + 1 anddelta T is a variable which represents a
subdivision of time anéh; ;1 the number oflelta T" subdivided between two statést

i + 1. We have the following relation:

diﬂ'Jrl =deltaT * M i+1, where i = 1,2,3...=deltaT = di’i+1/ni7i+1.

4.3.3.3.Time Prediction Function

This function allows to predict the running time needed to get over to the next state of
ATN from the current state. This estimation is done in relationship of the discrete running
time needed usually to get over to the state to reach.

Algorithm of the function
Input : d; ; (the time passed between two state of ATN)

e: tolerated error
Output: delta T (the new unit of time calculated )

n; ;. number ofdelta T between the sateandj

firststate := Initial state of the ATN
currentstate := first successor of firststate’
n, firststate, currentstate :=1
delta T := d, firststate, currenstate/firststate, currentstate
While Calculate (firststate, 0) False
n, firststate, currentstatensfirststate, currentstate 1
delta T := d, firststate,currentstate /firststate, currenstate
End While
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Function Calculate (firststate, error)

Output: Boolean

For succof statedo

trans := transition between state and succ

If trans don’t us&@hen consider that trans is used
time := state, suce- error

n:= arrond( timedelta T))

error = time-delta T *n

If error> ¢ returnFalse

If Calculate(succ, error) is falS§éhen return False
ReturnTrue

End If

End For

4.3.4. Application of the Model on the Urban Transportation Networks (Process of

Detection of a Disturbance)
Our aim is to apply this approach on a bimodal urban traffic network to help the regulator
to take a decision in case of disturbance in the normal functioning of the network.

4.3.4.1.Take into Account the Dynamic of the Disturbance
The taking into account of the consequences of a disturbance initiate the constitution of
new sets of information in function of the vehicle expected by the concerned stops.
We are defining three subsets:
— the waiting stops of the delayed vehicle,
— the waiting stops of the vehicle following the vehicle which is late,
— the vehicle preceding the delayed vehicle.
The situation of the network changes in function of the evolution of the state of the
delayed vehicle and this following two axis:
— The time: If initially the vehicle is delayed during one of its stops, the number of
points changes in function of the evolution of this delay.
— Space:The number of stops concerned by the problem changes also in function of
the movements of the vehicle.

4.3.4.2. Jace Time Horizon

The regulation process operates only in the disturbed mode. It is necessary to define
through the diagnostic phase the set of the entities of the network, which are related to the
considered disturbances or which could be involved in the decision phase. The definition
of that kind of set depends on:

the moment of detection of the incident,

the nature of perturbations,

the position of the different vehicles in the network at the moment ‘t’,

the impact of the incidents,

the configuration of the network,

the nature of the involved vehicles,

the period of the day etc.
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During a disturbance, a set of entities of the network is implied in this one (vehicles
and stops). To take them into account, we establishes a horizon of regulation correspon-
ding to:

— a space axis: represented by the stops intervening in the disturbance or the regula-

tion;

— atemporal axis: represented by the participant in the disturbance or the regulation.

We represent the set of the stop BY (stops of horizond) and V¥ (vehicles of
horizon H).

4.3.5. Architecture of the Proposed Multi-Agent Model
For the construction of our agents (Fig. 4) (Bouamrane, 2004) we get inspired from the
work of (Balbo, 2000; Fayech, 2003; Laichour, 2002)t, we propose the same vehicle
agent who supports bus and trams. e make a difference between the stop agent that
treats the interstation disturbances and we defined a special agent for the management
of connections. The present proposed model is consists of two modules:
— the surveillance module which is responsible of the management of the static time
of the network,
— the regulation module which is responsible to manage the disturbances and the
generation of the appropriate rescheduling measures (DTT).
The surveillance model works under normal and disturbed conditions: it is composed
of following agentsvEHICLE, STOP and CONNECTION The regulation module treats
the disturbances concerning the modes: buses and trams. The regulation module works
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Fig. 4. Multi-agent system architecture.
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only in disturbed mode. It is created when a disturbance appears. The agents who com-
pose it araNCIDENT andZONEINT.

The two modules communicate with each other in order to cooperate in the real-time
treatment of different incidents.

4.3.6. Behavior of the Different Agents

4.3.6.1.Agent VEHICLE
The role of a vehicle agent is:
— applying the Timetable (TT) which concerns him,
— applying the regulations measures assigned to it from the regulator.

The agentvEHICLE has only a reduced language protocol. When they are asked for
the give information about there position, an estimation of arrival times or possible delays.
These last two data are evaluated through a “moving” method.

An estimated arriving time of a vehicle at a station is given by AVM system but may
be evaluated by:

the distance between the stops,

the average speed of the vehicle,

a fluidity coefficient describing the state of the traffic,
the departure time of the previous stop.

4.3.6.2. Agent STOP
The stop agents have following roles:

— make sure that TT is respected,

detecting the interval between the theoretical times of transition and the real times,
creating anNCIDENT agent to manage the disturbance,

signal possible disturbances at stops,

— communicate with othegTorPandVEHICLE agents to know about transition times.

In fact, sToPagents watch the transitions of vehicles to detect possible intervals be-
tween real or estimated times of transition and those of theoretical transitions. If the
tolerated limit of the intervals, fixed by the regulator, is exceeded, these agents have to
signal the appearance of a disturbance by creating an agermteNT, which has the
responsibility to manage it.

4.3.6.3.Agent CONNECTION
The role of an agertONNECTIONIs the same as the one of a stop agent and its functions:

— management of connections,
— detection and determination of some decision to avoid missed connections,
— communication with other connections agents.

4.3.6.4. Agent INCIDENT

An agentsToPcreates an agemiCIDENT when a disturbance caused by a vehicle ap-
pears. Being responsible for the considered disturbance, this agent first identifies its char-
acteristics (disturbed vehicle, delay, stop, causg, Then, it creates an agendNEINT
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(zone affected by the regulation) that will generate several possible rescheduling solutions
through an evolutionary approach.
The agentsNCIDENT have as roles:
to create zoneint: for the diagnosis of the incident and the proposal for intermediate
solutions,
to await the primary diagnosis and solutions,
to evaluate the diagnosis,
to await solution regulation,
to evaluate regulation,
to propose regulation,
to await validation from regulator,
to apply and follow regulation.

The agentsNCIDENT must at any moment provide to the regulator one or more so-
lutions. Thus, a limiting duration of processing data can be fixed in order to provide as
fast as possible the assistance to the regulator even by means of temporary but immediate
solutions.

4.3.6.5.Agent ZONEINT
This agent is created byWCIDENT. It operates by an anytime-evolutionary regulation
approach that takes into account the several rescheduling criteria. This agent considers the
present decision making problem as a dynamic vehicle scheduling problem. Thus, the real
time vehicle routing and scheduling problem is inadequate to solve with classical methods
(Huisman, 2001; Thangiah, 1995; Zhu, 2000). For this reason, we choice an evolutionary
algorithm for the rescheduling of the traffic through a partial network reconfiguration.

The actions which agentsoNEINT carry out are:

— localisation of the horizon: the research of the zone concerned with the disturbance
according to a strategy defined to build the space-time horizon;

— simulate TT: collect information necessary to the assistance of agentgLE
and sToPto estimate the schedules of passage in the disturbed state of the net-
work (without regulation), forming the Disturbed TimeTable (DTT). The PTT hold
account then possible delay or advances of the vehicles;

— control connection: to check the good course of the possible connections. If one
or more connections are implied, it is necessary to rebuild the agents formed by
ZONEINT in order to take account of the other lines concerned in the network;

— diagnose incident: evaluation of the importance of the disturbance according to the
corresponding criteria of regulation;

— propose results: sending the various information collected to the ageIMENT.

Thus, we consider that the agents stop and the age#iiCLE are anytime agents and
the agentONEINT and agenCONNECTIONare temporal coordination agent.
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5. Evaluation Phase
5.1. Interest of the Evaluation

The interest is apparent, particularly when the TRSS proposes several solutions to the reg-
ulator. In this case, the regulator was helped by the evaluation according to its objectives
in the choice of the final decision.

5.2. Sected Criteria

To fill the objectives of the transport company to knowing: to minimize the latency of
the passengers and the duration of the correspondences, five criteria were retained: profit
in regularity, profit in punctuality, profit in correspondences (connection-node), satisfac-
tion of the passengers and cost of the adopted solution. The first three criteria are well
described in (Fayech, 2003), as for both others, we propose here a formulation according
to the objectives of the transport company and relative so that we found in the literature
(Certu, 1997). The description of these criteria will make it possible to better apprehend
the objectives of this paper.

5.2.1. Regularity

This criterion corresponds to the regularity of the intervals of times which separate the
successive passages from the vehicles at the same station. It relates to the minimisation
of waiting of the customers to the stops of the network.

AT = Z waiting(S}"),

m - GH
sres

Aar= Y % (a%-”x > waiting(taﬁ-i}”—tdil]",S}"aSzZ))

SmesH ylevH Sp>8m
with

witevH Vi =vent(} sm, Sy,

b J b

andS; > Si" represents the stogg € S included in itinerary of//.

5.2.2. The Punctuality

Punctuality is associated to the respect of the schedules of passage and thus of the duration
of course. It is a question of optimising the total duration of the ways aboard various
vehicles according to loads’ of the latter (a number of customers). While considering,
S =Precedent stay!, S7) for Vi € VI etSm e 54

Total duration of the ways=TD =Y > al" x CI' x (tdl" — td/").
VievH 8r>si,
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5.2.3. Correspondence
To identify the occurrence of the correspondences, a var@éjéj@ is definite as equal to

1 if a correspondence is possiblelgf to V;l,' in the stopS7™ and 0 if not.
vV!, V' € VI if at least one of the vehicles does not passSt, then no corre-
spondence is possible between them. In other worda,’Jf = 0) and(aﬁ/,g?1 = 0), then,

(Yl =0)et(yhim = 0)

_ E 2 2 Wm wWm U'm Im

VievH ylcyH STresH
wil™ — number of passengers in correspondence fgrto V! in the stopS?".

5.2.4. Satisfaction of the Passengers (SP) or Quality of Service (Q9)
It is a function of the number of passengers on standby, the duration of their waiting
beyond the estimated schedules, of the transhipment or not of these passengers as well
as theirs safety during its transhipments or during the schedules of beginning and end of
day:
— a number of passengers on standby: NBYV,
duration of waiting to a stopAt = tal,™ — td!,
transhipment numbers: NBT,
— safety coefficient (SC) expressed according to the period of the day, and the section
of the network concerned:
N
SP= > 3 AtxNBV)+(NBT xCS).

Viavec i=1 S;GSH

k3

5.2.5. Cost of the Adopted Solution
The commercial cost (CC) is expressed in function, of the number of used vehicles, the
number of drivers requested in overtime as well as traversed mileage.

By considering that it:

— vehicle number is expressed by V!,

— drivers number by C!,

— overtime numbe}_supphours,

cc= > V' > ¢ > supphours
I=1,...,n I=1,..

n I=1,....n

6. Simulation Results

We consider a partial network of Oran City (North of Algeria), it is the network of the
university zone (Fig. 5) because it is a zone where momentary flow is very significant
and or the network comprises different points of connections. The various components
of the network are the vehicles (buses and trams), lines, and stops. Characteristics of the
network are shown in Table 1 and Table 2.
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Fig. 5. Partial urban transportation network of Oran city.

Table 1
Characteristics of lines

Line B Line 11 Line 34 Line 51 Line U (tram)
Stop number 20 20 10 12 13
Frequency 15 min 10 min 20 min 10 min 5 min
Table 2
Connections between lines
Connections Line B Line 51 Line 34 Line 11 Line U (tram)
. Carrefour Carrefour
Line B
Boulanger Boulanger
Line 11 Place Valéro
Line 34 Carrefour
Boulanger
Line 51 Cité Hayat Cité Hayat
Carrefour Place Valéro

Line U (tram)

Boulanger
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Example of Scenario

We consider two lines of the network L1et L2, which crosses on the level of a node
of connection, vehicle 2 of the line 1/4!” meets an unforeseen congestion in circulation
and its driver estimates a delay of 7 min with the next stop. This disturbance can generate
the following risks:

— miss the connections on the level of the node of connections,

— lost at least a revolution on the line.

1) Application of the decision-making process
The TRSS operate according to the following steps:

Step 1. Detect disturbance.
Step 2. Analyze the disturbance according to the TT.
Step 3. Select case:

Case 1: CBR module,

Case 2: mathematical module,

Case 3: multi-agent module.

End case
Step 4. Return to Step 1.

This delay is captured by the AVM (Step 1). From there a complement of information
is shown to the regulator to inform it about the context of the disturbance (Step 2).

a) If the disturbance is a case already present (Step 3, Case 1), the supervisor tools
reference to the regulator the solution suggested directly using the databases constructing
with the CBR approach or improved with solutions constructing manually by the regula-
tor. We consider in our example, that this disturbance has no equivalent in the database
of the CBR.

b) Else if the regulator is not satisfied with the solution suggested, he can proceed to a
manual construction (Step 3, Case 2) of his own strategy of regulation by using different
actions (85.2.2) that use algorithm based on a mathematical model for regulation (Cure,
1984).

In our case, the choice of the regulator is made on “Direct on line”. The vebitle
follows the itinerary of the line L1 ensuring only the stops of descent for the passengers on
board. The choice carried out by the regulator in manual construction is based exclusively
on its know-how and the capacity to control the network which it under his responsibility.
This choice is justified by the fact that the bus must imperatively make up for its lost time
not to miss the correspondence. There can be in manual construction only one solution,
that under consideration by the regulator. The environment of supervision proposes to
the regulator the list of regulation actions. All the instructions which it gave before by
telephone or radiotelephone are proposed to it through the environment of supervision
with the corresponding parameter settings. Thus, we keep trace of all that it does like
actions of regulation. What enables us on a side to enrich the base by case and another
side to follow the work of the regulator for a possible evaluation of this latter.
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c¢) Else the regulator can choose to use the multi-agent approach (Step 3, Case 3). In
this case the agent vehicle directly captures the delay and sends this estimate delay to
nearest agersToP* A3”, which starts the creation of the ageNCIDENT.

In its turn the agentNCIDENT creates the age@DNEINT in order to form a group of
agents YEHICLE andsToP) concerned with this disturbance, these agents can be group
togheter according to their lines or routes, or according to incidents which connect them
(Space-time Horizon H).

The agentzONEINT locates the zone by taking of account the vehicles of the line
L2, and communicates with all the agents concerned for extracting all information (the
positions, their load, ...), and return to the agevtIDENT a synthesis of the current
situation. The agertONEINT has the following steps:

— it compares the theoretical value with that envisaged and observed,

— calculate the new disturbed timetable as well as the loads disturbed for the vehicles
on the whole of the network,

— evaluates the consequences of the disturbance,

— following the choice of the mode, it would be necessary to define the law of decel-
eration/acceleration.

Once this stage carried out we estimate for each action a satisfaction degree, it is
calculated while being based on the duration to find the normal mode. The choice of the
action to be used depends on the regulator is: injection of vehicle, changing a course
according to the position of the deposit compared to the position of the incident, etc.

2) Analyze of the situation (multi-agent approach)

The delay estimated by vehicle V2 is of 7 min. Thus instead of arriving at 10:05, it will
arrive at 10:12 in the stop A4 and the delay tolerated is of 2 min. This delay creates not
only one irregularity in the intervals but also a risk of a missed connection. The following
tables present the table of theoretical and disturbed Timetable.

Table 3
Theoretical TimeTable (Line B and Line 34)

Line B (L1) Line 34(L2)
A3 A Al A3 A3 A3 A A3
V11 9:25 9:35 9:45 10:05 V12 9:27 9:37 9:47 10:07
vy 9:35 9:45 10:05 10:15 V2 9:37 9:47 10:07 10:17
V31 9:45 10:05 10:15 10:25 V32 9:47 9:57 10:17 10:27
Table 4

Disturbed TimeTable reconfigured by the ager@IDENT (Line B and Line 34)

AL Al Al Al A2 A2 a2 A2
Vl1 9:25 9:35 9:45 10:05 Vl2 9:27 9:37 9:47 10:07
V21 9:35 9:45 10:12 10:22 V22 9:37 9:47 10:14 10:24

Vi 945 10105 10122 10:32 VZ 947 957 10224  10:34
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3) Evaluation of the consequence of the disturbance

Following a delay of 7 min the passengers of vehicle V2 of the line Zt™whose
take a vehicle of the line L2 will miss the connection of 10:07 and must wait consequently,
the connection of 10:17 min, what causes a total delay of 12 min in their course.

Being given that the vehicle, which follows the late vehicle, arrives at the stop at 10:15
min. In addition, the passengers of the vehidig* those from ‘V,!” must also take the
vehicle of line 2, which involves a very significant momentary flow and a train of bus
(successively vehicles with no respect of intervals).

4) Operation of the multi-agent module of TRSS

The system according to the data of the TTT and those of the DTT evaluate the impor-
tance of the disturbance. Being given that the system functions in real time, therefore the
importance of the disturbance decreases according to the evolution of the network in time.
The system proposes a first solution, which will be improved with time until arriving at a
satisfactory solution for the regulator. At this time the regulator stops research.

5) Solutions suggested by the multi-agent system
In this case we interrupted the anytime algorithm three time with 10 seconds regular
interval. We obtain the following responses (Table 5).

Table 5
Suggested solutions by the multi-agent module

Time No. » Propos_ed
before Solution Proposition Evaluation
and title by TRSS
t1 1 — change the schedules of passage of the vehieledT = 100%
20sec  Directonline according to the delay, — TT=100% assured
— apply the new one TTT = DTT. — SP=50% because the
passengers at stops are
not dealt with.
12 2 — use the bus of the standard type (reserve) in theAT = 100%
30sec Handing-over deposit, — TD: not concerned
at hour by re- — create a new course in line L2 for the passengers! | = 100%
serve (vehicle) on standby in the connection, - SP=100%
and available — update TTT for the insertion of the new course.
(conductor)
t3 3 — exploit the time of beat to the stops to reabsorb theAT = 90%
40sec Regulation on  delay caused by this disturbance , — TD: not concerned
line — prevent the vehicle of the line L2 to increase its TT=0%
- SP=70%

speed in order to arrive earlier,
— prevent the vehicles which follow the late vehicles
of line L1 to slow down its speed in order to avoid
a train of bus,
— createanew TTT.

Remarks: We notice that a satisfaction passenger is proportional to the reduction in the regularity of the
means of transport. The more waiting increases and the less satisfied the customers are.
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7. Discussion

The regulation function can be defined as a process functioning in real time in order to
supervise the urban transportation network, and to satisfy the request as well as possible.
That consists in having a view as precise as possible of the situation and results in obtain-
ing a maximum of relevant information, owing to the fact that certain decisions must be
made in urgency. The information will be disposed to the regulator in little time.

The identification of the behavior of regulator and the adaptation of a cognitive engi-
neering model, enabled us to set up of a convivial environment of supervision. The inter-
faces suggested to the regulator were built on the basis of an evaluation model SADT/Petri
(Kolski, 2001). Then, as we suggest, our interesting in the decision phase, led to propose
the interaction between different approach: a mathematical one and two approaches re-
sulting from the artificial intelligence.

The CBR model will be used in our application, to determine solutions to familiar
incidents. The regulator being the master can accept or refuse the proposals made by this
module.

Within the framework of the regulation of the urban network of Oran City, the consul-
tation of the incident sheets carried out by the services of the maintenance and regulation,
raises a thousands of incidents per year, whose majority are similar, as much on the con-
text that on the strategies applied to solve them. From this point of view, the choice of
this model is largely justified because it reduces the charge of the regulator of various
disturbances that are posted on the level of its supervision tool. According to this first
approach, the second module permits to the regulator to solve disturbances according to
mathematical models when no proposal come from the CBR module or when the regula-
tor is doesn't interested by the suggested solution.

Nevertheless, the mathematical model, resulting from the general concepts of con-
trol and the automatically operation, are theoretically well founded and rigorously estab-
lished. Nevertheless, they are based on models, which do not illustrate, as it should be the
reality of the phenomena in progress, where is a shift between the theoretical approaches
and the practical installations.

The various analytical equations of the models are based on starting assumptions,
often simplifying and reducing compared to the real situations. Moreover, the will to
consider more realistic assumptions generally brings to models with great complexity for
which it is difficult to determine the optimal solutions and to control the stability. Where
all interest to propose a generalized model of regulation for bimodal (buses and trams)
collective urban traffic network with a distributed architecture. In this architecture we
assigned to each agent specific roles where the cooperation between these agents makes
it possible to set up a innovating process of regulation integrating an anytime algorithm
into the level of the agent in charge of the active regulation of the network.

However, within the framework of the computerized decision-making systems, an in-
complete or partial result obtained in times and often preferable to a precise and complete
result obtained except time and thus not exploitable. The approach anytime seems very
promising for the taking into account of such situations. It is the reason for which we
think that it would be relevant to integrate this technique in the design of our system.
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There are some works in the field of multi-agent destined to urban transportation
network, but in the majority the existing approaches, neglects the taking into account
of the real time for the regulation of an urban system and the role (know-how) of the
regulator. The work of Balbo (2000) concerning the “ESCA’ system, proposes a multi-
agent architecture for the regulation in inter-station, this work consists of the information
management relating to a disturbance in order to bring an assistance to the regulator.

Laichour (2002), for its system “SARC”, only proposes a multi-agent architecture
for the regulation of the urban network system to the nodes of connections. Its work
consists in ensuring the correct operation of the connection and to propose solutions to
the regulator in the event of connection missed by the means of a simulation of day
before. It is not thought that the regulator has time to make simulations before proposing
a solution. The prototype SMAAD (Fayech, 2003) proposes a cooperation between a
multi-agent approach and a genetic algorithm, for the regulation of a multimodal urban
transportation network. This approach enabled him to improve the solutions suggested
for the regulator, and to approach towards the optimal solution, but in not exploitable
times for the regulator.

Others work are already made, Adamski (1998) presents a dynamic model being
based on the optimal order for the regulation, with a matrix representation of the various
variables of state (deviations of the theoretical schedules), of control and disturbance.
But, this model does not take account the correspondences. The approaches resulting
from the general concepts of control and the operation automatically are theoretically
well founded and rigorously established. Nevertheless, they are based on assumptions of
modeling which are often simplifying and reducing. Moreover, they relate to regulation
with simulation detailed in station without worrying about the state of an oar or a vehicle
between two stations.

In addition, the regulation is often regarded as a planning in real time. It is then about
a regrouping of the vehicles according to the real conditions of operating. Li (1991) de-
veloped stochastic linear programming a model for the regulation of a line of bus. It
approach is based on the modification of the races assigned to the vehicles thanks to
the improvement of scenarios filed as a preliminary and already lived, by taking account
of flows of the passengers. On the other hand, it does not deal with the problem of the
correspondence.

Yan (1997) proposes a heuristic based on the relaxation of Lagrange in order to man-
age the air traffic in the event of disturbances. It presents a modeling according to the
time and the space of the scheduling of the planes in the shape of a graph. This graph
shows the sequencing of the tasks carried out by the planes.

Huissman (2001) developed an approach of dynamic scheduling resulting from the
dynamic programming with relaxation. Its goal is to assign the various races to the vehi-
cles for a fixed horizon. The creation of the schedules is then made almost in real time if
the horizon is rather reduced. Huissman (2001) considers initially the problem of a static
scheduling, which it generalizes in a dynamic problem by changing the parameters of
time and the horizon. Also, it generalizes the problem of scheduling to only one deposit
with a problem multi-deposit by reiterating the application of the approach to each de-
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posit until obtaining the optimal solution. In addition, the flow of the passengers and the
problems of correspondence are not considered.

There are nevertheless certain forms of knowledge which are sometimes essential and
which are not represented in a formal way in the majority of the models, like the know-
how of the experts. Thus, Issai (2001) presents a predictive approach and another reactive
of scheduling of the trains which takes account of the expertise and knowledge of the
human operators. The two approaches are compared according to the combined use of
the data and knowledge and also according to levels’ of uncertainty. The objective is to
avoid and solve the conflicts resulting from the simultaneous occupation of the ways.

Aloulou (1999) presented a genetic approach of regulation of a line of bus by opti-
mizing the criteria of punctuality and regularity. Its objective is to provide to the regulator
simple decisions related to the modification of the schedules in order to reabsorb a delay
caused by a disturbed bus.

Put aside the disadvantages quoted previously, the existing approaches of regulation
do not treat the multimodal case of the urban transportation system. The majority of them
limits the degree of intervention of the regulator and does not relate to the regulation in
the case of the appearance of several incidents at the same time. Moreover, the correspon-
dences are often treated by specific approaches which do not consider the other criteria
of punctuality and regularity.

8. Conclusion

The regulation of the urban transportation system requires a complex process for which
a computerized decision-making system must bring to the regulator information and the
relevant tools for evaluation. We presented a supervisor tool that support a decision sup-
port system for regulation of disturbances in an urban transportation networks. The TRSS
is based on a model of the decision-making process of the regulator resulting from cogni-
tive engineering. This TRSS includes classical artificial intelligence approach represented
by a CBR module that simplifies the task of regulator particularly when a familiar distur-
bance occurs. Also, it includes a regulation module based on mathematical models that
permits to the regulator to resort to standard algorithms of the regulation. Finally, the
TRSS integrate a distributed artificial intelligence approach represented by a multi-agent
decision module that provides the regulators with relevant decisions to undertake in case
of disturbances. This system relies on the data supplied by the automatic Vehicle Mon-
itoring system or manually entry by the regulator. The considered multi-agent system
includes an anytime algorithm that proposes partial solution to dysfunction that became
precise in time. Moreover, in these systems, a partial or incomplete results obtained in
real time are often preferred, because more useful for the decision-making than of the
complete and precise results obtained late.

The exploiting of network validated the model of decision and the functional model.
The implementation of the system is in hand which will be tested in simulation then
on the Transvilles (City of Valenciennes) network and in the Oran City Future bimodal
Network.
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Furthermore, this system can be also used for training and learning objectives. That
is, the regulators can test, off-line, the impact of different combinations of decisions on
several disturbance scenarios.
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Klasikini ir daugelio agenty budus apjungianti sprendimy prieémimo
sistema dvimodalio miesto transporto tinklo reguliavimui

Karim BOUAMRANE, Christian TAHON, Marc SEVAUX, Bouziane BELDJILALI

Susisiekimoimone dabar susiduria su pagrindine problema, kaip uztikrinti aukstos keskyb
aptarnavim, kai vartotoj reikalavimai nuolat auga, o konkurencija vis stjar. Taigi, uztikri-
nant eismo reguliaruenbutina nustatyti atsitiktinius trukdzius, kurie veikia susisiekimo sistem
ir panaikinti arba sumazintijjitaka eismui.

Siame straipsnyje pristatoma sprendiparamos sistema ERPS (Eismo Reguliavimo Paramos
Sistema). ERPS yra skirta miesto susisiekimo sigtezguliavimui. ERPS (tramvajus ir autobusas)
paremta nuolatiniu operatoriaus sprendipriemimo procesu. Ji appina operatotj informacija,
kuri reikalinga nustatyti trukdZius iertinti galima pataig, kuria butinaivykdyti pagal pasirinka
reguliavimo strategd.

Pirmoje straipsnio dalyje pateiktas sprendimpriemimo modelis su kuriuo dirba autoriai.
Antroje dalyje aptariamas sprendirparamos sistemos modelio veikimas.

Sprendiny paramos sistema ir jos charakteristikos apraSomaéjeedalyje. Ketvirtoje da-
lyje pristatomos ERPS sprendinpriemimo prieziiros priemogs. Penktoje pateikti Sios sistemos
ivertinimo kriterijai, 0 SeSta dalis skirta rezuligbristatymui.



