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Abstract: One of the most fundamental problems encountered during the construction of a sim-

ulator of urban vehicular traffic flows concerns the method of gathering the data describing the

real system. In this paper, we present a graphical application developed for AutoCAD. This

application allows to process the images of a vehicular traffic system in AutoCAD. During the

graphical processing performed by means of our application, a file describing the system is gener-

ated. This file is subsequently read by a procedure which generates the simulator of the system.

The images of the traffic system can be acquired by means of several applications available on

the Internet, such as Google Maps, Google Earth, Bing, etc. Performing image processing in the

context of AutoCAD allows to consistently handle distance measurements in the system, and,

in general, to address the problems related to the scale ratios of an image.

Keywords: discrete event simulators, vehicular flows, complex queueing systems

1. Introduction

In this paper, we present an application developed for AutoCAD2009. This

application provides a graphical interface which describes the dynamics of street

traffic flows at a street intersection. It allows to generate a file named Model.dat,

which contains the description of the intersection. Model.dat is a text file in which

the data describing the intersection are listed according to a predefined scheme [1].

The logic behind the application is based on an abstract description of

a street intersection as a set of sections: input, inner and output. A vector

connecting an input section to an output section and crossing a sequence of inner

sections defines a possible path for crossing the intersection.

Given a street intersection, the application presented in this paper allows

to generate the file Model.dat describing the intersection. This file constitutes
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an input to a procedure written in the QNAP2 language [2] and automatically

generates a simulator of the intersection. The reference technique has already

been presented in previous papers [3, 4]. It is based on complex queueing network

models and is described in its present state in paper [1] (currently in print).

The implementation of the application requires the following software:

• ObjectARX SDK 2009: this software provides object-oriented interfaces

to C++, which allow using, personalizing and extending AutoCAD. The

ObjectARX libraries provide a set of tools to take advantage of the open

architecture of AutoCAD, allowing direct access to its database and to the

graphical system, as well as defining new commands;

• AutoCAD 2009;

• Microsoft Visual C++ 2005 Professional Edition.

2. Installing the application

The application consists of two files, listed as follows:

• QnapQnapModeler.arx: this file is a runtime library for AutoCAD;

• QnapQnapObject.dbx: this file is an extension of the AutoCAD database.

Both files should be loaded into AutoCAD. This operation can be performed

manually or automatically, as described below.

2.1. Manual loading

The procedure for loading the two files of the application into AutoCAD

consists of the following steps:

• choose “Tools/Load application” from the AutoCAD menu. This opens

a dialog box similar to that in Figure 1;

• select the file “QnapQnapModeler.arx” (see Figure 1, A);

• click “Load” (see Figure 1, B);

• select the file “QnapQnapObjects.dbx” (see Figure 1, A);

• click “Load” (see Figure 1, B).

These steps must be repeated each time AutoCAD is run.

2.2. Automatic loading

The procedure for loading the application into AutoCAD can be performed

automatically, so that the two files are loaded automatically each time AutoCAD

is run. In order to do this, proceed as follows:

• choose “Tools/Load application” from the AutoCAD menu;

• click “Contents” (see Figure 1, C). This opens a dialog box similar to that

in Figure 2;

• click “Add” (see Figure 2, A);

• select the file “QnapQnapModeler.arx” and click “Add”;

• click “Add”;

• select the file “QnapQnapObjects.dbx” and click “Add”.
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Figure 1. The AutoCAD dialog box for manual loading

Figure 2. The AutoCAD dialog box for automatic loading

3. The application toolbar

In this paragraph, we present the graphical tools accessible from the

application toolbar. The toolbar is shown in Figure 3, in which the icons are

denoted with capital letters. It is located in the AutoCAD window containing the

loaded image of the intersection, for which one intends to build the simulator.

Toolbar commands are activated by clicking the corresponding icon with

a mouse. In particular, the commands corresponding to icons denoted with

letters A to E are used in graphical processing of the image of the street
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Figure 3. The application toolbar

intersection, for which one intends to build the simulator. Once the processing

is complete, the command “Create Model”, denoted with H in Figure 3, creates

the file Model.dat corresponding to the intersection.

The assignment of values to the parameters pertaining to the commands

accessible from the toolbar is performed by means of a graphical interface using

specific windows opened from the application.

The toolbar icons used for the graphical processing of the image of a street

intersection are described below. In particular, the icons A, B, C and E represent

several objects, on which the specification for the construction of street traffic

simulators is based, as described in [1, 3, 4].

Input Section (see Figure 3, A): is the icon of a street section where

one or more paths for crossing the intersection start. It represents one of the

possible access roads to the intersection. Each Input Section is characterized by

the following parameters:

• service time: indicates the average time required by a vehicle to cross the

section;

• vehicle frequency: indicates the average number of vehicles entering the

section every minute;

• path probability: in the case of multiple paths starting from the same input

section, this parameter indicates the probability of a particular path being

taken by a vehicle.
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In each input section there is a traffic light (semaphore) characterized by

the following properties:

• starting time of the green light in the traffic light cycle;

• duration of the green light.

Output Section (see Figure 3, C): is the icon of a street section in which

one or more paths terminate. It represents one of the possible exit roads from the

intersection. Each Output Section is characterized by the following parameter:

• Service time: indicates the average time required by a vehicle to cross the

section.

Inner Section (see Figure 3, B): is the icon of a street section internal

to the intersection. It is used to represent an area of the intersection where

conflicts between vehicles following different crossing paths take place. This area

is specified as approximately 8m2. It is possible to augment the image of the

intersection under consideration with inner sections, in such a way as to make the

crossing path coincide with the actual trajectory of a vehicle. Each Inner Section

is characterized by the following parameters:

• Service time: indicates the average time required by a vehicle to cross the

section.

• Path priority: in the case where several paths cross the same inner section,

this parameter allows to establish the priority of crossing.

Collision Path (see Figure 3, D): clicking this icon launches a command

which allows to trace out on the image of the intersection opened in the main

window of AutoCAD, the trajectory of a vehicle from the moment it enters the

intersection to the moment it exits. This graphical tool allows to highlight the

internal areas of the intersection, in which different crossing paths intersect. It

is necessary to insert an inner section in such areas. Each Collision Path must

connect an Input Section with an Output Section.

Path (see Figure 3, E): is the icon of a crossing path defined as a sequence

of sections of the intersection. The Path starts with an Input Section, connects

a sequence of Inner Sections located in the crossing path, and ends with an Output

Section.

3.1. Description of the application commands

Here we schematically describe the application commands that can be

activated from the main window of AutoCAD after an image of the intersection

to be analyzed has been loaded.

QnapTools

Loads in the application toolbar.

To use this command:

• Enter “QnapTools” in the command line.
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AddInputSection

Adds an Input Section to the image of the intersection.

To use this command:

• Enter “AddInputSection” in the command line or click the icon denoted

with A on the toolbar. Upon first use, it is necessary to set the width of

the sections.

• Choose a point in the image to position the Input Section.

• Using the mouse, orient the icon of the Input Section.

• Click again to complete the operation.

AddOutputSection

Adds an Output Section to the image of the intersection.

To use this command:

• Enter “AddOutputSection” in the command line or click the icon denoted

with B on the toolbar. Upon first use, it is necessary to set the width of

the sections.

• Choose a point in the image to position the Output Section.

• Using the mouse, orient the icon of the Output Section.

• Click again to complete the operation.

AddInnerSection

Adds an Inner Section to the image of the intersection.

To use this command:

• Enter “AddInnerSection” in the command line or click in the icon denoted

with C on the toolbar. Upon first use, it is necessary to set the width of

the sections.

• Choose a point in the image to position the Inner Section.

• Click again to complete the operation.

AddCollisionPath

Adds a Collision Path to the image of the intersection.

To use this command:

• Enter “AddCollisionPath” in the command line or click the icon denoted

with D on the toolbar.

• Choose an Input Section.

• Trace out the trajectory of a vehicle on the image of the intersection.

• Choose the Output Section through which the vehicle exits the intersection.

AddPath

Defines a Path for crossing the intersection.

To use this command:

• Enter “AddPath” in the command line or click the icon denoted with E on

the toolbar.

• Choose an Input Section.
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• From the sequence of Inner Sections, choose those to be crossed by the

Path.

• Choose the Output Section through which the vehicle exits the intersection.

EditSemaphore

Allows to specify the timing of traffic lights in an Input Section.

To use this command:

• Enter “EditSemaphore” in the command line and select an Input Section

or press “Edit” (see Figure 7, B). This command opens the dialog box

presented in Figure 4.

• Set the starting time of the green light in the traffic light cycle (Figure 4, A).

• Set the duration of the green light (Figure 4, B).

• Click “OK”.

Figure 4. Dialog box of the EditSemaphore command

CreateModelDat

Allows to create the file Model.dat describing the intersection undergoing

graphical processing. The parameters set graphically are converted to a format

which can be read by the procedure which automatically creates the simulator of

the intersection.

To use this command:

• Enter “CreateModelDat” in the command line or click the associated button

on the toolbar (see Figure 3, H). This command opens the dialog box

presented in Figure 5.

• Select the path where the file Model.dat is to be saved (Figure 5, A).

• Set the maximum time of the simulation (Figure 5, B).

• Click “OK”.

EditGlobalProps

Allows to set global variables of the model under consideration, specified

as follows:
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Figure 5. Dialog box of the CreateModelDat command

– Semaphore cycle: indicates the length of the traffic light (semaphore) cycle.

– Sem. yellow time: indicates the duration of the yellow light in the traffic

light cycle.

– Simulation time: indicates the length of the simulation, expressed in sec-

onds.

– Section width: indicates the width of the graphical sections of the applica-

tion.

To use this command:

• Enter “EditGlobalProps” in the command line. The application opens the

dialog box presented in Figure 6.

• Set the Semaphore cycle.

• Set the Sem. yellow time.

• Set the Simulation time.

• Set the Section width.

• Click “OK”.

Figure 6. Dialog box of the EditGlobalProps command

EditQnapObjectDlg

By means of a dialog box, this command allows to assign values to certain

internal parameters for the sections of the intersection. The dialog box opened

by this command is presented in Figure 7. This dialog box allows to change the
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value of the parameters characterizing the section, according to the type of the

section selected in the image of the intersection. Insets A, B and C are highlighted

in the dialog box. The parameters that can be modified (highlighted by inset A)

are listed below, according to the type of the section:

• Input Section

– Service time: average time required to cross the section.

– Veh. Frequency: average frequency of arrival of vehicles.

• Output Section

– Service time: average time required to cross the section.

• Inner Section

– Service time: average time required to cross the section.

The parameters highlighted by inset B of Figure 7 are active only after an

Input Section of the intersection has been selected. If this section is controlled by

traffic lights, clicking “Edit” launches the “EditSemaphore” command for these

traffic lights.

Figure 7. Dialog box of the EditQnapObjectDlg command

The part of the dialog box highlighted by inset C of Figure 7 lists the paths

for crossing the intersection containing the section of the intersection selected

from the main window of the application. By double-clicking one of the paths

from the list, it is possible to change the priority level of the vehicles taking this

path to cross the section.
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To use this command:

• Enter “EditQnapObjectDlg” in the command line. The application opens

the dialog box presented in Figure 7.

• Insert the values of the parameters shown in insets A, B, C of the dialog

box, according to the procedure described above.

4. Presentation of the case study

In this paragraph, we demonstrate how to use the application on the

example of a street intersection in the city of Perugia in the region of Umbria

in central Italy. Figure 8 shows a view of the intersection with the surrounding

urban area, in which it is located. Figure 9 represents a more detailed view of the

intersection, taken from above, in which one can see both the vehicles performing

the crossing maneuver and the road markings of the intersection.

Figure 8. A view of the intersection with the surrounding urban area

4.1. Description of traffic flows

For each entry point of the intersection, Figures 10–15 illustrate the flows

of the vehicles crossing the intersection, present in the system. The images have

been obtained by graphical processing of the image of the intersection presented

in Figure 9 with AutoCAD. In these images, the green triangles indicate the

entry points, and the red triangles – the exit points of the intersection. The

entry and exit points are numbered anticlockwise, beginning from the south side

of the intersection. Table 1 completes the description of the crossing flows at

the intersection, specifying, for each entry point, its associated probability. For

completeness, Table 1 gives the frequency of arrival of the vehicles at each entry

point. These frequencies were registered during rush hours, in the morning of

a working day.
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Figure 9. A view of the intersection taken from above

Table 1. Associated probability for entry points

Exit 1 Exit 2 Exit 3 Exit 4 Exit 5 Frequency of arrival

(vehicles per 1 minute)

Entry 1 50% 50% 13

Entry 2 100% 13

Entry 3 100% 13

Entry 4 100% 0.1429

Entry 5 40% 60% 10

Entry 6 100% 6

4.2. Traffic light system

The intersection under study is controlled by a traffic light system which

regulates the opening of the six entry points of the intersection. This system

operates in a cyclical fashion. Each operational cycle lasts 90 seconds. The

operational cycle is divided into two phases, Phase 1 and Phase 2, which last

for 39 and 51 seconds, respectively. In Figures 16 and 17, we present the vehicle

paths for crossing the intersection, which are active during the first or the second

of the two phases of operation of the traffic lights, respectively.

4.3. Procedure for implementing the model

As a first step, this procedure requires creating a new drawing in AutoCAD.

The command “Reference raster image” from the “Tools” menu inserts an image

of the intersection into the AutoCAD window. After that, the procedure consists
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Figure 10. Crossing flows at entry point 1

Figure 11. Crossing flow at entry point 2
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Figure 12. Crossing flow at entry point 3

Figure 13. Crossing flow at entry point 4
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Figure 14. Crossing flow at entry point 5

Figure 15. Crossing flow at entry point 6
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Figure 16. Phase 1 of the traffic light system

Figure 17. Phase 2 of the traffic light system
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in the execution of steps listed below. Subsequent figures show how the image of

the intersection changes after each step of the procedure:

(a) The commands “AddInputSection” and “AddOutputSection” insert Input

Sections or Output Sections, respectively, into the image of the intersection.

See Figure 18.

(b) The command “AddCollisionPath” allows to draw the Collision Paths of

the intersection. See Figure 19.

(c) The command “AddInnerSection” allows to draw Inner Sections on the

Collision Paths. See Figure 20.

(d) The command “AddPath” allows to draw the Crossing Paths on the

intersection. See Figure 21.

(e) The command “EditQnapObjectDlg” allows to set the internal parameters

of the Input Sections, Output Sections and Inner Sections.

Clicking “Create Model” in the application toolbar exports the data de-

scribing the street intersection, which were added during graphical processing. In

this way, a text file named Model.dat, which contains the data for the intersection

is created. The structure of this file, which was created according to the procedure

described above, is presented below. The data are listed according to a predefined

pattern. A procedure called BuildMod, written in the QNAP2 language, which

reads the data from the file Model.dat and generates the program for the simula-

tion of the street intersection has been described in a previous paper [1].

Structure of Model.dat file

Section 1
&inputSecNum innerSecNum outputSecNum pathNum semNum TMAX semCycle semYellowTime
&
6 37 5 8 6 1800 90 4;
&
Section 2
&inpSecID numPaths servTime vehFreq
&
1 2 1.500000 13.000000;
2 1 1.500000 13.000000;
3 1 1.500000 13.000000;
4 1 1.500000 0.142900;
5 2 1.500000 10.000000;
6 1 1.500000 6.000000;
&
Section 3
&innSecID serviceTime
&
1 1.500000;
2 1.500000;
3 1.500000;
4 1.500000;
5 1.500000;
6 1.500000;
7 1.500000;
8 1.500000;
9 1.500000;
10 1.500000;
11 1.500000;
12 1.500000;
13 1.500000;
14 1.500000;
15 1.500000;
16 1.500000;
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Figure 18. Graphical processing – step (a)

Figure 19. Graphical processing – step (b)
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Figure 20. Graphical processing – step (c)

Figure 21. Graphical processing – step (d)
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17 1.500000;
18 1.500000;
19 1.500000;
20 1.500000;
21 1.500000;
22 1.500000;
23 1.500000;
24 1.500000;
25 1.500000;
26 1.500000;
27 1.500000;
28 1.500000;
29 1.500000;
30 1.500000;
31 1.500000;
32 1.500000;
33 1.500000;
34 1.500000;
35 1.500000;
36 1.500000;
37 1.500000;
&
Section 4
&outSecID serviceTime innerSecID
&
1 0.000000 35;
2 0.000000 12;
3 0.000000 10;
4 0.000000 4;
5 0.000000 5;
&
Section 5
&pathID stepNum {innerSecID - Priority} ...
&
1 10 1 0 15 0 2 0 16 0 17 0 18 0 19 0 3 0 20 0 5 0;
2 10 1 0 15 0 2 0 16 0 17 0 18 0 19 0 3 0 37 0 4 0;
3 10 6 0 21 0 7 0 22 0 23 0 8 0 24 0 9 0 25 0 10 0;
4 5 11 0 26 0 27 0 28 0 12 0;
5 6 32 0 7 0 2 0 33 0 34 0 35 0;
6 8 13 0 29 0 8 0 36 0 19 0 3 0 20 0 5 0;
7 8 13 0 29 0 8 0 36 0 19 0 3 0 37 0 4 0;
8 6 14 0 31 0 30 0 9 0 25 0 10 0;
&
Section 6
&semID inpSecID startGreen durationGreen
&
1 1 0 39;
2 2 0 39;
3 3 0 90;
4 4 39 51;
5 5 39 51;
6 6 39 51;
&
Section 7
&inpSecID {pathID - Frequency} ...
&
1 1 0.500000 2 0.500000;
2 3 1.000000;
3 4 1.000000;
4 5 1.000000;
5 6 0.600000 7 0.400000;
6 8 1.000000;

The file Model.dat is divided into sections. Each section contains a number

of data records (lines), depending on the model of the street intersection. Each

data record is terminated by “;”. The heading of each section specifies the

identifiers of the fields making up the records in the section. For each section

of the file Model.dat, we provide a list of the fields that make up the records

in that section, together with their meaning (see below). In our notation, ID is

a unique identifier associating each object type with the components of the model.
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• Section 1:

– InputSecNum: number of input sections in the model;

– innerSecNum: number of inner sections in the model;

– outputSecNum: number of output sections in the model;

– pathNum: number of paths in the model;

– semNum: number of traffic lights in the model;

– TMAX: maximum simulation time;

– semCycle: duration of the traffic light cycle;

– semYellowTime: duration of the yellow light in the traffic light cycle.

• Section 2:

– inpSecID: ID of the input section;

– numPaths: number of paths starting at the input section;

– servTime: average time of crossing;

– vehFreq: frequency of arrival of vehicles.

• Section 3:

– innSecID: ID of the inner section;

– serviceTime: average time of crossing.

• Section 4:

– outSecID: ID of the output section;

– serviceTime: average time of crossing;

– innerSecID: ID of the inner section linked to the output section.

• Section 5:

– pathID: ID of the path;

– stepNum: length of the path;

– innerSecID: ID of the crossed inner section;

– Priority: priority of the path in the crossed inner section.

• Section 6:

– semID: ID of the traffic lights;

– inpSecID: ID of the input section with which the traffic lights are

associated;

– start Green: starting time of the green light in the traffic light cycle;

– durationGreen: duration, in seconds, of the green light in the traffic

light cycle.

• Section 7:

– inpSecID: ID of the input section;

– pathID: ID of the path starting at the input section;

– Frequency: frequency of vehicles taking this particular path.

In the records of Section 5, the alternating fields InnerSecID and Priority

appear a number of times, as determined by the path length specified in the

record. In the records of Section 7, the alternating fields pathID and Frequency
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appear a number of times equal to the number of crossing paths starting at the

input section identified by the record.

5. Structure of the software

This application has been developed using the Microsoft Visual Studio 2005

framework. The solution QnapModeler of the application consists of two projects,

QnapModeler and QnapObject, which are described below.

The two projects are configured to build dynamic libraries. AutoCAD uses

two different extensions for dynamic libraries:

• “arx”: this extension identifies the main project of the application which

contains the class entry point. This is the standard library to be loaded into

AutoCAD;

• “dbx”: this extension identifies a subproject, which contains custom objects

and entities. It cannot exist without a main project.

In the case of our application, QnapModeler is a dynamic library of the

“arx” type, while QnapObject is a dynamic library of the “dbx” type. The

project is organized so as to separate the User Interface, which is defined in

the QnapModeler project, from the object database, defined in the QnapObject

project.

5.1. The QnapModeler project

This project defines the classes that manage the interaction between the

user and the application. Here, we implement the graphical commands of the

application and define the dialog boxes and several auxiliary classes (Jig), which

allow the interactive insertion of objects. The main classes defined in the project

are listed below with a brief description:

• “CQnapModelerApp”: is the entry point of the AutoCAD application

where the user commands are defined. All messages addressed to the

application are sent to this class by AutoCAD. It derives from the base

class “AcRxArxApp”.

• “QnapGlobalPropsDlg”: is the dialog box used to set the global variables.

It derives from the base class “CAcUiDialog”.

• “QnapModelDatDlg”: is the dialog box used to create the file Model.dat.

It derives from the base class “CAcUiDialog”.

• “QnapSemaphoreDlg”: is the dialog box used to control the settings of the

traffic lights. It derives from the base class “CAcUiDialog”.

• “QnapSecPropsDlg”: is the dialog box used to control the settings of the

sections. It derives from the base class “CAcUiDialog”.

• “QnapInSectionJig”: is the class used for the interactive insertion of the

input sections. It derives from the base class “AcEdJig”.

• “QnapInnerSectionJig”: is the class used for the interactive insertion of the

inner sections. It derives from the base class “AcEdJig”.
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• “QnapOutSectionJig”: is the class used for the interactive insertion of the

output sections. It derives from the base class “AcEdJig”.

• “QnapPathJig”: is the class used for the interactive insertion of the paths.

It derives from the base class “AcEdJig”.

• “QnapCollisionPathJig”: is the class used for the interactive insertion of

the trajectories of vehicles. It derives from the base class “AcEdJig”.

• “QnapPriorDlg”: is the dialog box used to set the priorities of Paths in

sections. It derives from the base class “CAcUiDialog”.

5.2. The QnapObjects project

This project defines the classes that constitute the graphical counterparts

of the object types defined in Qnap2 for the simulation of vehicular flows [1]. The

main classes of the project are as follows:

• “QnapInSection”: is the class that defines and manages the input sections.

It derives from the base class “AcDbCurve”.

• “QnapInnerSection”: is the class that defines and manages the inner sec-

tions. It derives from the base class “AcDbCurve”.

• “QnapOutSection”: is the class that defines and manages the output

sections. It is derived from the class “AcDbCurve”.

• “QnapPath”: is the class that defines and manages the crossing paths. It

derives from the base class “AcDbCurve”.

• “QnapCollisionPath”: is the class that defines the trajectories. It derives

from the base class “AcDbEntity”.

• “QnapDispacher”: is the class that manages certain global variables of the

model. It derives from the base class “AcDbObject”.

5.3. Relationships between the classes in the application

As explained in this paragraph, all classes defined in our application derive

from a class defined in the ObjectARX library. The base classes used are listed

below with a brief description.

• “AcRxArxApp”: is the entry point of the application and contains the

AutoCAD commands.

• “CAcUiDialog”: provides a dialog box which allows the user to insert, edit

and store parameters.

• “AcEdJig”: by using Jig it allows the user to interact with AutoCAD in

order to enter the parameters in the command line.

• “AcDbCurve”: provides the functionality for drawing circles, ellipses and

lines.

• “AcDbEntity”: is the base class for all the objects that have a graphical

representation, such as “AcDbCurve”.

• “AcDbObject”: allows to work with objects stored in “AcDBDatabase”

corresponding to the AutoCAD file representing the drawing.
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Figure 24. Stages of execution of the command “addInputSection”
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The class diagram presented in Figure 22, illustrates the dependencies

between the classes defined in the QnapModeler and QnapObjects projects. For

the sake of readability, we have omitted from the diagram the QnapDispatcher

class. The classes constituting the QnapObject project and all their associations

are marked with different colors.

Depending on the where the classes are instantiated, it is possible to divide

the diagram in Figure 22 into three levels, as illustrated in Figure 23. Levels 1

and 2 of the application are defined in the QnapModeler project, whereas level 3

is defined in the QnapObject project. The division of the application into three

levels, presented in Figure 23, can be characterized as follows:

1. is the entry point of the application, which receives all messages sent to the

application by AutoCAD. The class “CQnapModelerApp” is instantiated

during the startup of AutoCAD;

2. contains the user interface of the application. The classes in this level are

instantiated by the class “CQnapModelerApp” in level 1;

3. contains all graphical classes of the Qnap2 model. The classes in this level

are instantiated by the classes in level 2.

By way of example, in Figure 24 we present a diagram that illustrates the

sequence in which the classes of the application are instantiated after the graphical

command “addInputSection” has been executed.

6. Final remarks

The graphical application for AutoCAD which was presented in this paper

allows to describe vehicular flows at a single street intersection. We are developing

an extension of this application for studying the following contexts:

• vehicular flows in networks of street intersections;

• vehicular flows at roundabouts.
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