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Abstract. A new approach for design and implementation of urban
vehicle control system is proposed. The vehicle streams on lanes are con-
sidered similar with the streams of instructions in multitask programs.
Real-time scheduling algorithms are used to allocate the green lights to
phases. An adaptive component is used to calculate new vehicle flow pa-
rameters when a failure appears as a consequence of an accident. The
real-time schedulers use the parameters to obtain new feasible resource
allocations.

1 Introduction

Urban vehicle traffic control is one of the most complex problems due to the
large number of variables or parameters involved and their unexpected varia-
tions. There are controlled inputs (by the traffic lights) and uncontrolled inputs.
The flow of the vehicle stream can be measured by appropriate detectors (or
sensors). Vehicle presence can be detected and occupancy can be measured. The
unmeasured inputs and outputs introduce non deterministic factors. The flow
splits can be measured or estimated but cannot be controlled in an acceptable
manner [8].

Better traffic control leads to improved safety for all road users, shorter trav-
elling times through the controlled part of the traffic system and it also reduces
negative environmental impact [11]. Therefore, vehicle traffic control systems
have to face: variable inputs (part of them controllable) represented by the vehi-
cle flows entering the systems, variable transfer splits of the flows on the intersec-
tions and accidents that significantly modify the parameters. These require the
achieving of adaptive control systems that take into account the variable ratio
of the rates with the aim to maintain a high throughput and to reduce travelling
time. The control system gets information about traffic from the detectors and
controls it using the traffic lights.

2 Approaches of Urban Vehicle Traffic Control

Urban vehicle traffic control can be actuated or non-actuated. Control can be
non-coordinated (implemented for isolated intersections) or coordinated. The
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actuated urban vehicle traffic control can be performed on the following ap-
proaches: controlling the flows (i.e. the volume control), density control, queue
length control, singular event reaction, phase time extension until a minimum
gap out, and phase time extension until timeout.

The solution for vehicle traffic control problem contains: the intersection cycle
durations (if cycles are chosen), the durations of phases (the split of the cycle)
and their periods if there are no cycles, the order of phases (of each intersection)
or their priorities, and the offsets (between intersections or phases).

Papageorgiou, et al. present some methods for local, centralized or distributed
control of vehicle urban traffic [14]. Bazan presents a coordination method based
on multiagent system that uses game theory to get the crossing times and the
synchronization of intersection signalling [3]. The negotiation method can also
be used [8]. Intelligent vehicle traffic management can be used, too [6]. Non
artificial intelligent coordination methods are often based on optimization [15].

Kutil et al. use a model of a simple traffic intersection where the state vari-
ables represent the queue length and the average waiting times in the queues to
obtain a fair traffic control [7]. They use the balancing waiting times to obtain
a linear quadratic regulator and a nonlinear model predictive controller.

Liu and Tate propose an intelligent adaptation speed system that uses in-
vehicle electronic devices to enable the speed of vehicle to be regulated auto-
matically [12]. This offers a flexible method for speed management and control
in urban area. Avella et al. present a method to solve the shortest path problem
under resource constraints for vehicle fleet on a road net [1].

The majority of approaches (using deterministic or heuristic methods) con-
sider the vehicle traffic system as working under probable (often previously mea-
sured and statistically expressed) conditions. But as a matter of fact, the demand
(required green light) times and the granted durations (of neighbour intersec-
tions green lights) can vary considerably from instance to instance and are not
known completely at the moment of the decision making. Even when these are
known, the proposed methods are based on the estimated time demands of the
traffic and on the probable values (splits) of the rates.

3 Preemption Based Control of Urban Vehicle Traffic

Unlike the previous ones, another approach is based on the worst case behaviour
of the system. That means the usage in design of the highest accepted demands
and the highest requirements relative to the timelines instead of the correspond-
ing probable values.

The usage of real-time scheduling methods to signal control of the traffic
lights in urban vehicle traffic is introduced in [9]. Vehicle flows on the lanes
associated to an intersection phase are considered similar with the stream of
instructions (of a task) that has to be processed by a processor. Each vehicle
stream has its own period (that can be different from the periods of other phases
of the same intersection) and duration to cross the intersection.

Figure 1 represents the vehicle streams of the traffic system.
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Fig. 1. Example of urban vehicle traffic net.

Lu et al. present a feedback control real-time scheduling framework for adap-
tative real-time systems [12]. They use feedback control theory to design al-
gorithms that satisfy the transient and steady state performance of real-time
systems.

One of the main problems of urban vehicle traffic control has to solve the
scheduling of resources representing the places used by vehicles on lanes or inter-
sections (most critical resources). The scheduling algorithms can be categorized
as static or dynamic. In static scheduling algorithms have complete knowledge
about stream set and its constraints (such as deadlines, crossing times, prece-
dence constraints and future demand times). In dynamic scheduling the algo-
rithms have no complete knowledge about stream set or its timing constraints.
The dynamic scheduling algorithms can be divided into algorithms that work
in sufficient resource environment and those that work in insufficient resource
environment. The traffic congestion is an example when the system reaches a
state in which, at least for the moment, the available resources are insufficient.

The scheduling methods can be applied to the design and control of the urban
vehicle traffic system such that it can fulfil some specified requirements. Figure
2 shows the temporal relations between the demanded moment of time (dt) and
green light durations of two consecutive intersections i-1 and i. Each of them
should be opened within a specified period (T). The offset (O) between them also
has to be implemented. The jitter (J) appears due to variation of vehicle speed
or opening of the (linked) phase from the previous intersection. The opening of
a phase before the demand moments of time (dt) is useless. If the end of the
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Fig. 2. Temporal relations between phases of two consecutive intersections.

crossing time (C) is after the deadline (dd) this can lead to congestion. When
a phase is opened at the dt (just when the vehicle stream arrives) because the
vehicles have the desired speed (they are moving) the throughput is higher. This
leads to a higher usage of the intersection (representing a critical resource). If
the demanded durations are higher than the granted durations for some periods
of time, this leads to congestions, also because lane capacities are exceeded.

Figure 3 describes the UML state machine of a phase from an intersection.
The switching of the phases is performed by the implementation of the real-time
scheduler by updater (Figure 4) and dispatcher (Figure 5). They can implement
different types of real-time schedulers used to control the urban vehicle traffic
systems. The updater calculates the waiting times (w) and adds the phases (using
add(phase) method) to the ready queue when they expire. It also calculates the
number of requests (req) of each phase that are not honored.

The real-time schedulers use the following parameters:

— the crossing time (C) of a vehicle stream during a cycle (period) through an
intersection

— the period of a phase (T)

— the deadline (D) of the openness of a phase at a new demand

— the offset of the phase (O)

— the phase local priority and

— the global priority.

In figure 5 are denoted by cp the current phase, fp the first phase of the ready
queue (readyQ), update() the recalculation of the ready queue according to the
scheduling algorithm, remove(x) the removing of the phase x from the ready
queue, red(x), yellow(x) and green(x) the application of the corresponding color
to the phase x. For jitter implementation the diagram from the figure 5 has to
be extended with a new state and transitions to catch the demand events.
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Fig. 3. UML state machine of an intersection phase.
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Fig. 5. Time driven dispatcher UML state machine.

Fidge describes the most largely used real-time scheduling methods and their
tests [4]. Between them are: RMS (rate monotonic scheduling), EDF (earliest
deadline first) and SPS (static priority scheduling).

Using such scheduling methods for the network of intersections composing
urban vehicle traffic system, a system that fulfils some specified timing constrains
is obtained. The crossing times of neighbour intersections should be correlated.

4 Dependable Urban Vehicle Traffic System

Taking into account the article of Avizienis et al. ([2]), the dependability of an ur-
ban vehicle traffic system is given by the following attributes: availability (readi-
ness for usage—i. e. the acceptance of vehicle entrance in the traffic), reliability
(continuity of service—the moving of vehicles without unnecessary unbounded
stops), safety (absence of catastrophic consequence on the user), confidentiality
(absence of unauthorized disclosure of information, usually less important for
vehicle traffic system in regular usage), integrity (absence of improper system
alteration) and maintainability (ability to undergo repairs and evolutions). The
failures of urban vehicle traffic system are:

— failures of the control system caused by bad control decisions, message trans-
missions or signalling of events or states

— failures of traffic systems (distributed controlled process) caused by exceed-
ing of specified demands or driver’s faults that lead to accidents
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The vehicles that remain inside an intersection after their phase looses the right
of crossing (green lights), because they cannot enter the output lanes, involve
congestions [10]. Their number multiplied by a coefficient dependent on the
structure of the intersection can be used as a measure of the current degree of
congestion. The average values of the congestion degrees of all intersections of the
traffic system provide information about current congestion degree of the entire
system. The evolution of the average congestion degree can be used to evaluate
the traffic system behaviour under the implemented control algorithms.

A fault of a driver can lead to a traffic failure (an accident) that blocks
the vehicle streams of a street. Following this the remained vehicle streams are
modified (some of them split) such that the traffic flows avoid the blocked lanes.
As a consequence, new parameters should be provided to traffic lights controller
(based on scheduling algorithms) to adapt to the modified environment and
having the goal to avoid the congestion of the system. The congestion of an
intersection can lead to the congestion of the entire traffic system if it is highly
loaded with vehicles.

The on-line control uses the estimation of flows based on the measure of
flow inputs and the flow splits. Using the real-time scheduling algorithms, the
control system estimates if the necessary crossing times lead to a feasible solution
(that fulfills the timing constraints). The local controllers receive the parameters
(offset, period, green duration and priority) of each phase and implement the
on-line schedulers that send the signals to the traffic lights.

The centralized adaptive algorithm activated at the detection of a failure is:
for all intersections

Estimate or receive from local controllers the splits of the rates.
for all intersections

for all phases
Calculate the necessary crossing time.

while (feasibility of scheduling is not fulfilled)
Reduce the crossing time of each phase proportionally with its
global priority, but not lower than a specified limit.

Communicate to local controllers the new scheduling parameters.
end

5 Testing and Evaluation

The performance evaluation of urban vehicle traffic system can be developed
from the concepts of real-time systems given by [5]. The evaluation can be based
on: qualitative binary criteria, qualitative gradual criteria and quantitative cri-
teria.

1. Qualitative binary criteria are: timelines (the ability to meet some specified
deadlines), no unbounded delay nor arbitrarily long crossing (or travelling)
times, functional correctness, permanent readiness, all applicable physical
constraints and congestion prevented
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2. Qualitative gradual criteria are: safety, reliability, availability, congestion,
simplicity, robustness, fault tolerance, graceful degradation on the occurring
of undesired events, portability (of the control system), flexibility (to change
of the vehicle traffic structure) and extensibility (of the control system with
the development of the traffic net)

3. Quantitative criteria are: worst case travelling times on a specified path,
worst case crossing times of an intersection, worst case duration to detect
the failures and to correct the consequences (speed of adaptation), capac-
ity (throughput) reserves and transfer capacities (throughput) of road net
system or intersections
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Fig. 6. System congestion degree without incidents.

To evaluate the proposed control method a special urban vehicle traffic simulator
was built. It uses the microscopic method for simulation of vehicles on lanes and
a macroscopic method to evaluate the number of vehicles inside intersections.
The simulator is able the calculate the congestion degree of each intersection
taking into account the number of vehicles that remain inside the intersection
after the traffic lights of the lanes they leave change to the red light, as well as
the intersection structure. The average intersection congestion degrees are used
by the simulator to evaluate the entire vehicle traffic system congestion degree.
Their values for different vehicle frequency inputs are shown in figures 6 and 7.
The first mentioned figure shows the system congestion degree, under normal
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Fig. 7. System congestion degree with a traffic incident.

circumstances, using two different scheduling algorithms. Figure 7 represents the
same system congestion degree when an incident appears that blocks a street.

6 Conclusions

The urban vehicle traffic dependability can be improved by specification, design
of the control system and synthesis of the control algorithms. Observations of the
urban vehicle traffic behaviour when failures appear are useful to obtain better
specification of description and requirements.

Models that describe more closely the behaviour of drivers when failures
appear, should be used to improve the requirements of the control system. The
proposed method uses different periods for the phases of the same intersection.
Usually, the periods of phases linked in a path should be correlated. Further
studies should be developed to find the need (the effect) of modification of phase
periods at the failure appearance.

The local priorities are used to schedule or analyse the feasibility of critical
resources scheduling. The global priorities are used to determine the global be-
haviour of the traffic system. They serve to maintain the main features of the
system when failures appear. The relations between global priorities and quan-
titative criteria (for traffic performance evaluation) are to be studied with the
aim to improve dependability.

The performance evaluation results (from simulations) demonstrate that the
proposed algorithms provide robust transient and steady state performance when
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traffic volumes are at low values. At high volumes, without a throughput reserve
the control system is not able to correct the effect of failures. The necessary
reserve is dependent of the place of the failure and the current volumes of neigh-
bour flows.
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