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Abstract. Traffic flow at urban intersections varies randomly during the day. It
depends on several dynamic factors and requires efficient regulation and flexible
control strategies in particular for traffic light regulation. The proposed strategy
allows managing the green light time autonomously. The dynamic behavior of traf-
fic signals at intersections can be seen as a discrete event system. Through this
paper, a modular Timed Synchronized Petri Net (TSPN) model is developed and
a real-time adaptive control strategy of urban signalized intersections is proposed.
The control is shared between two communicant actors. The master-slaves approach
is adopted in this control strategy. The master (controller) decides the next phase
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to be served with green light and its duration. While, the slaves (TSPN modules)
control the traffic signals displays, phases transitions, and model traffic flow fluctu-
ations. Thanks to the used modularity approach, the developed models reduce the
system complexity in terms of combinatorial explosion, and they could be adapted
easily for any real intersection. Using the developed models, some interesting prop-
erties of the system are checked, and some simulations are performed and analyzed
in order to validate the proposed control approach.

Keywords: Traffic lights, control, regulation, modeling, simulation, Petri nets,
SUMO

1 INTRODUCTION

Road traffic problems continue to increase and constitute a significant challenge for
researchers and transport operators. Traffic management systems mostly inscribe
the purpose of reducing congestion, vehicles delay time, fuel consumption, and pol-
lution. The critical cause leading to traffic congestion is the high number of vehicles,
which is mainly caused by the increasing population and economic development. In-
deed, this heads to queuing phenomena and corresponding delay problems while the
infrastructure ability is fixed. They are admittedly becoming a menace to the free
flow of traffic in cities. These problems cause an increasing fuel consumption, and
raising of atmospheric pollution emission. The request for qualified traffic services
continues to rise, making the lack of an adequate management of mobility stronger,
especially inside the urban areas.

Several control strategies of traffic lights were developed. The currently avail-
able traffic control strategies can be divided into two principal categories [1]. In
the first one, fixed timing strategies are determined by the control system using an
off-line optimization method implemented by computer programs. The second cat-
egory includes traffic-responsive strategies which use actuated signal timing plans
and offer an on-line optimization and synchronization of traffic signals. These adap-
tive strategies regulate the traffic lights according to the occurring vehicles at the
intersections. Indeed, sensors detect traffic evolution on the road intersections and
deliver information to a real-time control.

Traffic signal control can be split into two methods:

1. optimizing the system performance by determining the optimal signalizing plans
[2] and

2. establishing how to implement the signal control logic [3].

In this paper we explore both methods by implementing the signal control logic with
responsive traffic signals timing plans.

In the last decades, various tools have been developed for modeling, optimizing,
and controlling traffic flow at intersections. The most well-known and generally
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utilized are SCOOT (Split cycle offset optimization techniques) [4], SCAT (Syd-
ney coordinated adaptive traffic) [5], and OPAC (Optimization policies for adaptive
control) [6]. Unfortunately, the cost and duration of installation of these systems
are a hindrance to their development. The second category of control strategies
using Artificial Intelligence (AI) techniques has been developed for traffic flow man-
agement. Such as the fuzzy logic [7], bee colony optimization [8], and neural net-
works [9]. Furthermore, adaptive signal control policies based on AI have gained
increasing consideration due to their undeniable improvement of traffic control per-
formance compared to the pre-timed signal control. However, these methods are
quiet under research and are not yet ready for immediate implementation due to
the hindrances, such as specific hardware specifications and high computational
cost.

According to a certain point of view, the traffic signal control at the intersections
can be observed as a discrete event system (DES). The events in the road traffic
are interpreted by the arrivals and departures of vehicles at the intersection, and
beginning or completion of the signal timing plans to control the traffic junction [10].
Thanks to its ability to represent the dynamic behavior of traffic flow at intersections,
Petri nets (PNs) are chosen to be used in this work as a powerful tool to model
this kind of DES. Moreover, the solid graphical and mathematical bases of PNs
allow DES to be ruled by a set of mathematical equations, therefore presenting
a formal way for system analysis and checking of desirable specifications. It is worth
noting that a PN models in traffic control could represent the flow of vehicles, traffic
lights, and decision making. Also, PN can be used as a modeling tool, whereas the
decision-making is ensured by a complementary control tool while considering more
specifications such as (max, +) algebra [11].

Petri nets were first applied for traffic modeling and control in [12]. Thereafter,
other researchers investigated this formal tool. The authors of [13] have discussed
the use of PNs for modelling traffic signal control and perform a structural analysis
of the developed control model. Besides, Febbraro and Giglio have presented in [14]
a traffic model using timed PN formalism. There are other research works where
time is introduced into the model to represent phase duration, such as in [15]. The
work developed in [2] solves a traffic congestion problem with a regulatory traffic
light control technique that prevents vehicles from crossing traffic congestion zones;
using synchronized timed Petri nets. The durations of traffic signals in these works
are based on fixed and predetermined durations represented in timed PNs.

In order to enrich all the aforementioned researches and bring our contribution
in this field, we focus in this paper on the enhancement of system performances
in terms of minimizing waiting delays of vehicles, decreasing the waste time within
the intersection, and ensuring vehicles safety, and finally environment issue (gas
emission) at a given intersection. Classical signal control methods based on ordinary
Petri nets are not sufficient because usually, traffic flow and signal settings are
mutually interdependent and dynamic. Moreover, there is a wasted time when the
traffic light remains green, whereas all vehicles are evacuated from the intersection
lane. Our paper addresses these issues by using a new modular TSPN based model
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to control the signal lights and phase transitions. In fact, the added-value of our
solution is double: model the dynamics of traffic intersections using a modular
TSPN (slaves) and manage conflicts using a controller (master) with combinatorial
optimization.

The remainder of the paper is organized as follows. Section 2 illustrates the
problem statement and the modeling approach. In Section 3 we address the devel-
oped control approach. The signal control analysis based on PNs basis is given in
Section 4. Performed simulations using a traffic simulator and discussions about
obtained results are reported in the same section. Finally, in Section 5, we present
our conclusion and some perspectives.

2 STUDIED SYSTEM AND MODELLING APPROACH

2.1 System Description and Aims

The studied system in this paper is illustrated in Figure 1. This intersection is
composed of four directions: north, south, east, and west; three lanes for each
direction. As shown in this figure, each road of the intersection includes sensors to
detect the arrival of vehicles. Traffic flow information in each intersection road could
be obtained via these sensors implemented at a given distance from the stop line.

Figure 1. An intersection with four roads

We recall that from Figure 1, we can read these two terms direction and move-
ment. The directions represent the four roads at the intersection, while a vehicle has
three movements: left-turn, straight-ahead, and right-turn. Ordinarily, the vehicles
of the right-turn movement do not have conflicts with vehicles coming from other
movements and directions. So we assume that right-turn vehicles are directed to
precise lanes, and the lights for them are green all the time. Consequently, in this
study, we consider four directions and two movements in each direction. Based on
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the movement notion we define the term “phase” that will frequently appear in the
rest of the paper. A phase is a safe combination of two movements (absence of
vehicles crash). That means the green light could be given to combined movements
(even of different directions) in a phase simultaneously without losing safety at the
conflict zone (common and shared area of the fourth lanes of the intersection). For
simplification reasons and without impacting the desired functioning of the system,
we suppose that the time of amber light is included in the red time. So the sequence
of active color becomes from green to red, and then back to green. As earlier men-
tioned, the proposed solution in this paper consists in controlling traffic flow within
the intersections using variable temporizations. This control consists of satisfying
these three specifications:

1. Minimize the downtime of vehicles at the intersection.

2. Decrease the waste time between phases (evacuate the maximum number of
vehicles in a minimum time).

3. Ensure safety in the collision zone (avoid vehicles collision) by managing conflicts
between different movements.

To this end, and as we already mentioned, we adopt in this work a modular approach
by modeling each movement by a PN model as we detail in the next subsection.

2.2 Petri Net Based Models

The studied system is considered as a discrete event system characterized by occur-
rence of synchronized and timed events. Therefore, a specific type of PNs is used for
modeling and control issues. The Timed Synchronized Petri Net model represents
each movement. These models, called and playing the role of “salves”, represent the
traffic signals displays, phases transitions, and traffic flow fluctuations. A controller,
called and playing the role of “master” could manage conflicts between slaves and
calculates their variable temporizations (see Section 3).

2.2.1 Structure of the Timed Synchronized Petri Net (TSPN)

This subsection presents the class of PNs used to model traffic flow and lights. We
call this class Timed Synchronized Petri Nets. It is a bipartite graph described by
the seven-tuple TSPN = (P, T,A, fw,M0, τ,Evt):

• P : is a finite set of discrete places.

• T = Ts∪Tt∪Tst is a finite set of transitions consisting of synchronized transitions
subset Ts, the temporized transitions subset Tt, and synchronized temporized
transitions subset Tst. Ts ∩ Tt ̸= ∅

• A ⊆ (P × T ) ∪ (T × P ) is a finite set of arcs.

• fw : A −→ {1, 2, . . . } is the arc-weight function.

• M0 : P −→ {0, 1, 2, . . . } is an initial marking.
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• τ : T −→ R+ firing time function, where R+ is the set of non negative real
numbers.

• Evt = {A⟨ij⟩, E⟨ij⟩} is a set of external events that are linked to certain tran-
sitions. Where the index i represents directions: north, south, east, and west,
respectively (i ∈ {N,S,E,W}); and j represents straight-ahead and left-turn,
respectively (j ∈ {s, l}).

2.2.2 TSPN Model for Traffic Flow and Lights

In this subsection, we develop the traffic flow and the signal control models for
each intersection movement using TSPN. For more understanding, we are going
to describe each part of the global model (Figure 2) separately using the modular
approach.

Lanes and Traffic Flow Models. It is worth noting that the PNs structures of
the eight movements are similar. So, only the TSPN model of the first movement
north, and straight-ahead (⟨Ns⟩)) is detailed in what follows (Figure 2). The
transition TNs1 is used to generate tokens (arrival of vehicles to the intersection)
when the sensor ANs, located at a given distance from the stop line, detects
vehicles coming from the directions north and want to go straight ahead (the
movement ⟨Ns⟩). Tokens in the place PNs1 represent vehicles waiting to enter
into the intersection. The timed transition TNs2 can be fired every tvNs time
units. Its firing moves all tokens from the place PNs1 into the place PNs2, via
arcs with variable weight. The time tvNs is a delay which prohibits the firing of
TNs2 until the end of the evacuation of all vehicles coming from the movement
⟨Ns⟩) (M(PNs2) = 0).

The role of this delay is to save the number of vehicles, fixed at the decision
making, to be evacuated from the intersection when the traffic light is green.
The timed transition TNs3 represents the stop line, and the place PNsv represents
the green light (north- straight-ahead). A token in the place PNsv (common-place
for the movement Ns between traffic flow and traffic light (Figure 2)) allows the
firing of the timed transition TNs3; bidirectional arrows are used here to represent
a reading of the place PNsv (reading of a place means withdrawal and addition
of a token in the same place by firing its output/input transition). In our case,
reading the place PNsv means the evacuation of vehicles (one by one) as long
as the light is green. With this solution, the first constraint (specification) is
respected, so the light must be green in order to allow a vehicle to cross the
stop line. The time tn associated with the timed transition TNs3 represents the
necessary time for each vehicle to cross the stop line. While firing the transition
TNs3 (if there are tokens in PNs2, and PNsv), the number of tokens in PNs2 will be
reduced by one every tn time unit until this place becomes empty. Reaching this
state means that all vehicles authorized (limited by the position of the sensor) in
this cycle are fully evacuated. The number of tokens in the place PNsc represents
the capacity (c) of the lane. This capacity is the possible number of vehicles
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Figure 2. Global T-timed and Synchronized Petri Net of an intersection with eight move-
ments
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between the sensor and the stop line. For every firing of the transition TNs1, the
number of tokens in PNsc reduces by one. On the other hand, every firing of the
transition TNs3 the number of tokens in PNsc increases by one. If there are no
tokens in the place PNsc (the lane is fully occupied by vehicles), the transition
TNs1 cannot be then fired. Its next firing will be done whenever a vehicle leaves
the intersection. Similarly, we develop the TSPN models of other considered
movements as depicted in Figure 2.

Traffic Lights Model. Similar to the lanes and traffic flow models, only the
TSPN model of the movement ⟨Ns⟩ (Figure 2) is explained in what follows.
The TSPNs traffic light models of the other movements are similar to the TSPN
model of the movement ⟨Ns⟩. If the decision is given to the movement ⟨Ns⟩,
the external event ENs occurs and takes one as a value, which allows the firing
of the transition TNs5. This external event takes zero if there is no decision or in
the case of the absence of vehicles in this movement. Such external event acts as
an interrupter with two states on/off enabling to fire or not the transition TNs5.
A delay tc is added to the transition TNs5 to ensure that the last vehicle for one
cycle of the green light has left the conflict zone before changing the light from
the red to green for the next chosen movement. When this duration elapses the
light becomes green for tvNs time units, for the movement ⟨Ns⟩. This duration
corresponds exactly to the required time for vehicles to leave the stop line (to
clear out the places PNs2 (see Figure 2)). At the end of these duration, the
transition TNs4 will be fired, so signal light becomes red for the movement ⟨Ns⟩,
and the controller (master) restarts to make a new decision.

TSPN Global Model.

Once TSPN sub-models representing all considered movements through the
modular approach are obtained, we aggregate them to obtain the global TSPN
model of Figure 2 (see Table 2 in Section 4 for some scenarios). In order to
facilitate the global model readability and understanding, we define the mean-
ing of all its components. Table 1 addresses all the model components with:
i ∈ {N,S,E,W}, and j ∈ {s, l}. The index i represents directions north, south,
east, and west respectively, and j represents straight-ahead and left-turn, re-
spectively. Five places and five transitions compose the PN sub-model of each
movement. Associated weights with arcs are equal to one, except two directed
arcs (Pij1, Tij2) and (Tij2, Pij2) aiming to move all tokens (vehicles) presented
in Pij1 to Pij2 by firing Tij2 only once.

The events in this TSPN model are managed by two parameters: temporizations
and external actions (sensors and master control). For each movement ⟨ij⟩,
there are just two external events associated with synchronized transitions. The
first external event (Aij) is associated with the transition Tij1 which represents
the arrival of vehicles at the movement ⟨ij⟩, the second one (Eij) is associated
with the transition Tij5 which represents a decision given by the master to the
movement ⟨ij⟩ of the chosen phase. The role of temporizations associated with
some transitions is to delay their firing in order to respect given specifications.
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Transitions Meaning

Tij1 Detection of a vehicle in the movement ⟨ij⟩.
Tij2 New decision (The previous green light time has expired).

Tij3 Departure of a vehicle from the movement ⟨ij⟩.
Tij4 Light switch from green to red.

Tij5 Light switch from red to green.

Places Meaning

Pij1 Vehicle entrance to the movement ⟨ij⟩.
Pij2 Vehicles to be evacuated from the movement ⟨ij⟩.
Pijv Green light.

Pijr Red light.

Pijc Capacity of the lane in the movement ⟨ij⟩.
Temporizations Meaning

tn Necessary time for a vehicle to leave the stop line.

tvij Time of the green light for the movement ⟨ij⟩.
tc Crossing time of the last vehicle reaching the intersection

(red safety).

External events Meaning

Aij Vehicle detection sensor in the movement ⟨ij⟩.
Eij Controller decision for the movement ⟨ij⟩.

Table 1. Description of the PN model components of Figure 2 (i ∈ {N,S,E,W}, and
j ∈ {s, l})

The controller is the responsible to make a decision via the external events Eij

and calculates the variable green light time tvij of the chosen movement(s). In
fact, the adopted control strategy will be presented in Section 4.

3 ADAPTIVE CONTROL APPROACH

The second part of this contribution concerns the development of a controller (mas-
ter). Indeed, this controller role is to allow managing of conflicts between the
slaves (TSPN sub-models) in an optimal way. Based on background of PNs, some
calculations will be used to implement the control strategy as a computing pro-
gram.

3.1 Traffic Control Principle

This subsection deals with the development of a traffic control method within the
intersections. The target of this control method is to manage the smooth evacuation
of all presented vehicles at different movements while avoiding their collision and
delays. It is based on the algorithm of Figure 3.
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The movement b in the
same phase VAl with
the movement A[i]

Delay: tc - 1

Find the movement b with the most previous arrival time

A=[all movements], and i=1

Red light for all
movements

The movement d = A[i]

Calculate the green lights durations for the movements b and d (eq.1)

Give the green lights to the phase that contains the movements b and d

Green light dura-
tion is elapsed for
the movement d

Green light dura-
tion is elapsed for
the movement b

Yes

No

Yes

No

No No

YesYes

i=i+1

start

Define the phases VAl = [<ij>, <i’j’>], with l is the number of phases

start

Figure 3. Traffic control algorithm

This algorithm runs as follows. At the end of the green lights for the previous
phase and the red safety duration, the controller makes a new decision according to
the arrival time of vehicles and their number at each movement. It gives priority
to the movement “b” containing the vehicle with a higher delay, which corresponds
to the most anterior arrival time at the intersection. As aforementioned, a phase
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is a combination of two movements ⟨ij⟩ and ⟨i′j′⟩ (with ⟨ij⟩ ̸= ⟨i′j′⟩). In this
algorithm, a phase is represented by a list V Al, with l = {1, 2, 3, . . . ,m} represents
the phase and m is the number of phases (depends on the studied scenario). Once
the list of phases V Al and the list of movements A are defined, we make a test
allowing to find from A the movement “d” that belongs with the chosen movement
“b” to the same phase V Al. The next step is to calculate the green lights times for
both movements “b” and “d”. These durations are obtained by using the number N
of vehicles authorized to leave the intersection (it is fixed when the controller starts
to make a new decision), the headway time h, and the time ta corresponds to the
necessary time to evacuate the first vehicle waiting at the queue (Equation (1)).

tvij = (N − 1)× h+ ta (1)

The headway time hi of the vehicle i arrived at time ti represents the inter-arrival
time of the vehicles i and i− 1, as expressed in the Equation (2). We assumed that
the headway in our case is the same for all vehicles and fixed at three seconds in the
studied scenario later in this paper.

hi = ti − ti−1 (2)

with: i = 1, 2, 3, . . . , N .
Once the controller defines the chosen movements “b” and “d” and their green

lights durations, it communicates with the system represented by the TSPN model,
via the external events Eij (Eij = 1 for the chosen movement of a given phase and
Ei′j′ = 0 otherwise (i, i′ ∈ {N,S,W,O}, j, j′ ∈ {s, l}, and i ̸= i′, j ̸= j′)).

The considered safety constraint, while making a decision, concerns the following
three points:

1. Movements in each phase are chosen while taking into account the safety issue;

2. The controller gives the priority to only one phase each time;

3. The delay tc is added to ensure that the last vehicle leaves the intersection before
turning on the green light for a new chosen phase.

4 A CASE STUDY: COMPARISON, ANALYSIS AND DISCUSSION

4.1 Simulation Context

In what follows, we proceed to the validation of our modeling and control method by
both a dedicated simulator for traffic flow simulation, named SUMO [16], and using
Matlab programming. Our aim is to validate the proposed control method using
two different simulation tools, Matlab and SUMO. Indeed, the modeling and control
logic proposed were implemented using Matlab programs for simulation and analysis
issues. This allows generating the marking evolution, the sequences of firing, the
states of external events Eij according to the taken decision, and the state of the
traffic lights for all movements.
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In order to compare both simulation methods, we use the same input data (the
vehicle arrival frequency and their arrival times). These data are generated from
SUMO simulator using a Python program. With SUMO, we represent the digital
model of the studied intersection (Figure 1). Some screen-shots of this virtual model
are given in Table 2). In order to detect vehicles arrival into the intersection, eight
induction loops are installed at a distance from the stop lines. The values returned
by these loops are the states of the traffic flow within the last simulation step.

4.2 Verification and Validation of System Properties
Through PN’s Analysis

By analyzing the established TSPN model (marking generated by Matlab program),
some PNs properties about the well-functioning of the system are checked in what
follows. We refer to [17] for more details about these properties.

Accessibility. In our system, vehicles are authorized to cross the intersection only
if the traffic light is green; this specification is verified by simulation. All vehicles
have access to the intersection and to be evacuated whenever they are authorized
(switching from the red to green light and vice-versa). So all desired markings
are accessible. This means that the propriety of accessibility is achieved.

Boundedness. This property is verified in our model because, for each model mark-
ing, all places contain a limit number of tokens (traffic light, vehicles, decision,
lane capacities). So, each place is bounded, and an infinity of vehicles cannot
be sojourned (accumulation of vehicles) for a long time within the intersection.

Vivacity and deadlock-free. Based on the simulations results and the marking
evolution, the arrival and departure of vehicles is ensured. Also, traffic lights
vary for all movements. So, all transitions in the proposed TSPN model are
alive, which demonstrates that the PN is alive.

The performed simulation runs for more than one hour and can go beyond,
with the absence of a blocking situation. As long as the vehicles arrive at the
intersection, the deadlock-free is ensured. Through the verification and validation
of these properties, we prove a safe working of the studied system.

4.3 Adaptive Control Validation: Simulation and Comparison

Performed simulations and obtained results about the analysis of the system func-
tioning are presented in this section. It is important to note that the proposed
control method in this work could be applied to all types of intersections and all
phases. However, a case study with just four phases is given in this paper (Fig-
ure 4) to prove the applicability of the proposed control method. A comparison
is performed using the SUMO simulator to enrich the discussion with qualitative
parameters.
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Figure 4. Intersection phases

4.3.1 Validation with Simulation

Obtained results based on analytic simulation with Matlab in Figure 5 illustrates
the arrival time of each vehicle to the eight movements and the decision making
instant to evacuate vehicles from the chosen phase.

Figure 5. The number of vehicles versus their arrival times and decision making times

It shows that the evacuation of vehicles can be authorized just for the two
movements of the same phase; if both of them contain vehicles. For the eight
movements, the controller gives the green light to the phase that contains vehicles
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Figure 6. Green and red lights switching over the time for the four phases

with the most anterior arrival time. During the time interval [50 s, 350 s], a total of
28 decisions for all the four phases are taken. A record of the traffic lights states
is shown in Figure 6. It represents the bi-color state for the eight movements over
time.

In order to link between the simulations results in Figures 5, 6, and what happens
at the intersection, three simulation steps k = 179 s, 183 s, and 201 s are considered in
Table 2. These steps are shown: by red asterisks in Figure 5 and by the blue dashed
lines in Figure 6. As previously mentioned, a vehicle detected at the moment of
decision making or after is not be considered until the next decision making. Hence
in Figure 5, the decision is given to the phase 4 – movement ⟨Ws⟩ (no vehicle in
the movement ⟨Wl⟩) at the step 194 s, the vehicle detected at this instant is not
considered (blue asterisk).

Table 2 shows two views of the intersection: virtual model (with SUMO) versus
TSPN model (with PNs) for three different moments during the simulation (at
k = 179 s, 183 s and 201 s). This illustration shows a perfect similarity between
the two used approaches for simulation and conducts to the same results. For
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k Virtual models (SUMO) Corresponding PN model states

179

183

201

Table 2. The state of the intersection in three different simulation steps: SUMO models
vs. TSPN models
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example, at the moment k = 197 s, virtual model shows that the light is red for
the movements ⟨Ns⟩, ⟨Nl⟩, ⟨Ss⟩, ⟨Sl⟩, ⟨El⟩, ⟨El⟩, ⟨Ws⟩, and ⟨Wl⟩. The only
movement with green light is ⟨Es⟩. The same traffic light situations are observed in
the TSPN models (marking of TSPN models places). Also, the number of vehicles at
the intersection (on each movement) corresponds to number of tokens in the TSPN
places.

Through all these analysis, we conclude that the green light can be given just
to the movements of the same phase. Also, the green light duration is variable and
depends on the number of vehicles at the instant of decision making. Moreover, the
master gives a decision according to the most anterior arrival time of vehicles at the
intersection. Consequently, the wasted time and the delay of vehicles are decreased
while ensuring safety. Finally, we can confirm the efficiency of the proposed adaptive
control through all the obtained and discussed results.

5 CONCLUSION

This paper presents a general timed synchronized Petri Net model for representing
the dynamic evolution of traffic lights at road intersections. A modular approach is
used to model each movement separately (slaves) respecting the system constraints.
In order to avoid collisions of vehicles at the common area of the intersection and
manage durations of green light according to the number of vehicles, we developed
a dynamic control strategy based on an on-line decision-making policy by a controller
(master). The following dilemma is taken into account between minimizing the
waiting time of vehicles, evacuation of a maximum number of vehicles in a minimum
time, and ensure safety at the intersection.

The proposed model in this paper is based on Petri nets for which variable
weights are associated with some arcs. Using the robust background of PNs, some
properties about the well-functioning of the intersection are proved by simulating
and analysing and the TSPN model. In order to simulate and validate the pro-
posed model, the whole parts, including the obtained TSPN model and the control
algorithm are translated into an executable program in Matlab tool. The Mat-
lab input data (the arrival frequency of vehicles to the intersection, their arrival
times and their number) are generated using SUMO 1.0.0 open-source traffic sim-
ulator. The control logic is also implemented through SUMO to validate the pro-
posed solution and compare it with the analytic results obtained from the Matlab
program. In the future work, using SUMO simulator, next comparisons between
our adaptive control strategy and the existing control approaches in the litera-
ture will be investigated with the focus on waiting time, gas emissions, and fuel
consumption. Also, we will investigate the possibility how to enhance the adap-
tive control method to prioritize the movements with incoming emergency vehicles
using the technology of vehicle to infrastructure to vehicle (V2I2V) communica-
tions.
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