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Chapter 1. Introduction
What is SUMQO?

SUMO isamicroscopic road traffic simulation package. In the near futureit will be extended to model
other transit modes simultaneously with ordinary car traffic.

Why open source?

Two thoughts stood behind the rel ease of the package as open source. At first the fact that every traffic
research organisation is forced to implement an own simulation package; some people are interested
in traffic light optimisation, other try to find mistakes made during the design of aroad network. Both
need some kind of a simulation package and have to implement a framework containing input and
output functions and other things from scratch. So the first idea was to give them a basic framework
- containing all needed methods for a simulation - they can put own ideas into. The second idea is
to supply a common test bed for models, especially car models, to the community to make them
comparable. Due to different architectures of traffic simulations such comparisons on a wide scale
are not possible by now.

Features

 High portability (using standard - C++ and portable libraries only)
 Collision free vehicle movement

« Different vehicle types

» Single-vehicle routing

» Multi-lane streets with lane changing

* Junction-based right-of-way rules

 Hierarchy of junction types

» A fast openGL graphical user interface

* Dynamic routing

» Manages networks with several 10.000 edges (streets)

* Fast execution speed (up to 100.000 vehicle updates/s on a 1GHz machine)

» Supports import of many network formats (OpenStreetMap, Visum, Vissim, ArcView, XML-
Descriptions)

About this Document

This document describes how to use each of the applications that come with the SUM O-package. We
should remark, that this document only covers the usage of the software and some descriptions of the
used models.
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Described Applications

Table 1.1. Applications described within this document

Application Application Application Description Described in
Name (Windows) |[Name (Linux/ Chapter
UNIX)
NETCONVERT |netconvert.exe sumo-netconvert  |A network | Chapter 4 [http:/
converter/importer |/
sumo.sourceforge.net/
docs/gen/
user_chpO4.shtml]
NETGEN netgen.exe sumo-netgen A generator of |Chapter 4 [http:/
abstract networks |/
sumo.sourceforge.net/
docs/gen/
user_chp04.shtml]
DFROUTER dfrouter.exe sumo-dfrouter A router using|Chapter 5 [http:/
detector flows /
sumo.sourceforge.net/
docs/gen/
user_chp05.shtml]
DUAROUTER duarouter.exe sumo-durarouter |A  router  for|Chapter 5 [http:/
dynamic user |/
assignment sumo.sourceforge.net/
docs/gen/
user_chp05.shtml]
JTRROUTER jtrrouter.exe sumo-jtrrouter A router using|Chapter 5 [http:/
junction  turning|/
ratios sumo.sourceforge.net/
docs/gen/
user_chpO05.shtml]
SUMO sumo.exe sumo The microscopic|Chapter 6 [http:/
simulation /
sumo.sourceforge.net/
docs/gen/
user_chp06.shtml]
GUISIM guisim.exe sumo-guisim The gui-version|Chapter 7 [http:/
of the microscopic|/
simulation sumo.sourceforge.net/
docs/gen/
user_chpQ7.shtml]
POLYCONVERT |polyconvert.exe |sumo-polyconvert [A tool for| Chapter 8.3.1
importing [http://
polygons from | sumo.sourceforge.net/
other formats docs/gen/
user_chp08.shtml#uiser_chp08-
tools-polyconvert]
other Chapter 8 [http:/

/
sumo.sourceforge.n
docs/gen/
user_chp08.shtml]

et/

Please remark that you may also find the applications "NETEDIT" and "GIANT" within the source
distribution. Both are not supported, not working properly and will be not discussed, herein.



http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp04.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp05.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp06.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp07.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml#user_chp08-tools-polyconvert
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml
http://sumo.sourceforge.net/docs/gen/user_chp08.shtml

Introduction

Notation

This document uses coloring to differ between different type of information. If you encounter
something like this:

net convert --vi sumEMyVi sumNet.inp --output-fil e=MySUMONet . net. xm

you should know that thisis a call on the command line. There may be adso a'\' at the end of aline.
This indicates that you have to continue typing without pressing return (ignoring both the '\' and the
following newline). The following example means exactly the same as the one above:

net convert --visumFMyVi sumNet.inp \
--output-file=MySUMONet . net . xm

Command line option names are normally coloured t hi s way. Their values if optional <LI KE
THI S>. XML-elements and attributes are shown are coloured | i ke t hi s. Their valuesif optional
<Ll KE THI S>. Complete examples of XML-Files are shown like the following:

<My Type>

<MWEl em nyAttr1="0" nyAttr2="0.0"/>
<WEl em nyAttr1="1" nyAttr2="-500.0"/>

</ WType>

You may aso find some notations from the EBNF; brackets '[' and ' indicate that the enclosed
information is optional. Brackets '<' and >' indicate a type - insert your own value in here... All
applications are shown like THIS. <SUMO_DI ST> isthe path you have saved your SUM O-package
into.

Status

This document is still under development and grows with the software. Due to this, you may find
it together with the sources within the SUMO repository at sourceforge (http://sumo.sourceforge.net/
[http://sumo.sourceforge.net]). It should always describe the current version.

Call for Help

Please let us know when either the document remains at any point unclear or any of the applications
does not behave as expected. We would be very happy if you report broken links or misspelled words.
We al so seek for some participants and further users, not only to share the devel opment tasks, but also
to gain some feedback and critics or some usage examples.

To summarize: every help is appreciated. Thank you.
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Chapter 2. First Steps
Installing SUMO

From version 0.8 on, we want not only supply the sources, but also the compiled binaries for MS
Windows. We have abandonned the idea of releasing binaries for Linux due to large variety of the
target systems.

If you are a Windows user, you should decide whether you primary want to use the software only or
also extend it. Inthefirst case, you should download the binaries. All needed libraries areincluded. In
the latter case, please download the source distribution and compile it for your own. The description
of the building processisfound within a separate document located here [http://sumo.sourceforge.net/
docs/gen/sumo_howto_building.shtml]. If you have built the package on a system not included within
our binary distribution, please let us know and send it to us, so that we can include it into the pages.

When using Linux, you probably have to compile SUMO from the sources. A description about how
to do thisislocated here [http://sumo.sourceforge.net/docs/gen/sumo_howto_building.shtml].

The SUMO-package also contains some further scriptswhich arelocated withinthet ool s-folder. To
execute them you'll need to have python [http://www.python.org/] and/or perl [http://www.perl.org/]
installed.

Running the Examples

You may find some examples within the folder <SUMO DI ST>/ dat a and its subfolders. Please
remark that almost all applications are command line tools, what means that no window pops up if
you start it, you have to open a shell window first.

Most of the examples come with a configuration-file so that may be directly run from the
command line. Read chapter "Using Configuration Files [http://sumo.sourceforge.net/docs/gen/
user_chp08.shtml#user_chp08-configs]" for further information on how to use configuration files.

We apologize that a documentation on the examples does not exist (yet). Nonetheless please feel
invited to take alook at the tutorial [http://sumo.sourceforge.net/wiki/index.php/Tutorial] (s) available
at our wiki [http://sumo.sourceforge.net/wiki/index.php/Main_Page].
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Chapter 3. Traffic Simulations and
SUMO

A short Introduction to Traffic Simulation
Theory

Simulation types

SUMO is amicroscopic, space continuous and time discrete traffic simulation.

In traffic research four classes of traffic flow models are distinguished according to the
level of detail of the simulation. In macroscopic models traffic flow is the basic entity.
Microscopic models simulate the movement of every single vehicle on the street, mostly assuming
that the behaviour of the vehicle depends on both, the vehicle's physica abilities to move
and the driver's controlling behaviour (see [Chowdhury, Santen, Schadschneider, 2000] [http:/
/sumao.sourceforge.net/docs/bibliography.shtml#ChowdhurySantenSchadschneider2000]).  Within
SUMO, the microscopic model developed by Stefan KrauB is used (see [Krauss1998 1]
[http://sumo.sourceforge.net/docs/bibliography.shtml#Krauss1998 1], [Krauss1998 2]  [http://
sumo.sourceforge.net/docs/bibliography.shtml#Krauss1998 2]), extended by some further
assumptions. Mesoscopic simulations are located at the boundary between microscopic and
macroscopic simulations. Herein, vehicle movement is mostly simulated using queue approaches
and single vehicles are moved between such queues. Sub-microscopic models regard single vehicles
like microscopic but extend them by dividing them into further substructures, which describe the
engine'srotation speed inrelation to the vehicle's speed or the driver's preferred gear switching actions,
for instance. This allows more detailed computations compared to simple microscopic simulations.
However, sub-microscopic models require longer computation times. This restrains the size of the
networks to be simulated.

Figure 3.1. The different simulation granularities; from left to right:
macr oscopic, microscopic, sub-microscopic (within the circle: mesoscopic)
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Within a space-continuous simul ation each vehicle has a certain position described by afloating-point
number. In contrast, space-discrete simulations are a special kind of cellular automata. They use to
divide streetsinto cells and vehicles driving on the simulated streets "jump" from one cell to another.

Figure3.2. Thedifference between a space-continuous (top) and a space-discr ete
(bottom) simulation
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Almost every simulation package uses an own model for vehicle movement. Almost all models are
so-called "car-following-models': the behaviour of the driver is herein meant to be dependent on his
distance to the vehicle in front of him and of this leading vehicle's speed. Although SUMO is meant
to be atest bed for such vehicle models, only one is implemented by now, an extension to the one
developed by Stefan Krauf3. Other obstacles, such astraffic lights, are of course considered herein, too.

It seemsobvious, that each driver istrying to useto shortest path through the network. But when all are
trying to do this, some of theroads- mainly thearterial roads- would get congested reducing the benefit
of using them. Solutions for this problem are known to traffic research as dynamic user assignment.
For solving this, several approaches are available and SUMO uses the dynamic user assignment
approach developed by Christian Gawron (see [Gawron1998 1] [http://sumo.sourceforge.net/docs/
bibliography.shtml#Gawron1998_1]).

Needed Data

At first, you need the network the traffic to simulate takes place on. As SUMO is meant to work
with large networks, we mainly concentrated our work on importing networks and the computation of
further needed values. Dueto this, no graphical editor for networksisavailable, yet. Besideinformation
about a network's roads, information about traffic lights is needed.

Further, you need information about the traffic demand. While most traffic simulation use a statistical
distribution which is laid over the network, each vehicle within SUMO knows its route. Within this
approach, the routeisalist of edgesto pass. Although this approach is more redlistic, it also induces
alarge amount of data needed to describe the vehicle movements. By now, routes are not compressed
within SUMO and so may be several MB large. We will possibly change thisin future.

The Workflow of Preparing a Simulation

As shortly described above, you basically have to perform the following steps in order to make your
simulation run:

1. Build your network

Use either own descriptions (described in chapter 4, "Building Networks from
own XML-descriptions [http://sumo.sourceforge.net/docs/gen/user_chp04.shtml#user_chp04-
xml_descriptions]") or if you have some digital networks SUMO can import, convert them
(described in chapter 4, "Converting other Input Data [http://sumo.sourceforge.net/docs/gen/
user_chpO4.shtml#user_chp04-other_input]™)

2. Build the demand

Build your own movements using either by a) describing explicit vehicle
routes (see chapter 5, "Using Trip Definitions [http://sumo.sourceforge.net/docs/gen/
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user_chp05.shtml#user_chp05-explicit]"), b) using flows and turning percentages only
(see chapter 5, "Using the Junction Turning Ratio - Router [http://sumo.sourceforge.net/
docs/gen/user_chp05.shtml#user_chp05-own_routes-jtr]"), ¢) generating random routes
(see chapter 5, "Generating random Routes [http://sumo.sourceforge.net/docs/gen/
user_chp05.shtml#user_chp05-own_routes-random]"), d) importing OD-matrices (see chapter
"Using OD2TRIPS [http://sumo.sourceforge.net/docs/gen/user_chp05.shtml#user_chp05-
od2trips]" or "Using FHow  Definitions  [http://sumo.sourceforge.net/docs/gen/
user_chp05.shtml#user_chp05-explicite-flows]"), or €) importing routes you own (see chapter
5, "Importing Routes [http://sumo.sourceforge.net/docs/gen/user_chp05.shtml#user_chp05-
import_routes]").

3. If needed, compute the dynamic user assignment (described in chapter 5, "Dynamic User
Assignment [http://sumo.sourceforge.net/docs/gen/user_chp05.shtml#user_chp05-dual)

4. Peform the simulation (described in chapter 6, "Performing the Simulation [http:/
sumo.sourceforge.net/docs/gen/user_chp06.shtml]") to get your desired output

This processis also visualised within the next figure.

Figure 3.3. Process of simulation with SUMO; (rounded: definite data types;
boxes. applications; octagons: abstract data types)
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Please remark, that most of the tools are command-line tools by now. They do nothing if you just
double-click them (besides printing errors). Do also notice, that the call parameter desribed in the
following chapters may be also stored in so-called "configuration files' to allow their reuse. This
possibility is described in chapter "Using Configuration Files [http://sumo.sourceforge.net/docs/gen/
user_chp08.shtml#user_chp08-configs]".

SUMO

Main Software Paradigms

Two basic design goals are approached: the software shall be fast and it shall be portable. Due to this,
the very first versions were developed to be run from the command line only - no graphical interface
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was supplied at first and al parameter had to be inserted by hand. This should increase the execution
speed by leaving off slow visualisation. Also, due to these goals, the software was split into several
parts. Each of them has a certain purpose and must be run individually. Thisis something that makes
SUMO different to other simulation packages where the dynamical user assignment is made within
the simulation itself, not via an external application like here. This split allows an easier extension
of each of the applications within the package because each is smaller than a monolithic application
doing everything. Also, it also allows the usage of faster data structures, each adjusted to the current
purpose, instead of using complicated and ballast-loaded ones. Still, this makes the usage of SUMO a
little bit uncomfortable in comparison to other simulation packages. As there are still other things to
do, we are not thinking of aredesign towards an integrated approach by now.




Chapter 4. Network Generation

Introduction

AsSUMO usesan own road network description, networks must be converted from an existing dataset.
Although being readable (xml) by human beings, the format of road networks used by SUMO is not
meant to be edited by hand and will al so not be described herein dueto itscomplexity. SUMO networks
can be build by either converting an existing map or by using NETGEN to generate basic, abstract
road maps. The following figure shows the function of NETCONVERT and NETGEN within the
procedure of building and running a simulation.

Figure4.1. Building a network
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Having data describing aroad network, you may convert them into a network description readable by
SUMO using the NETCONVERT tool. By now, NETCONVERT is capable to parse the following
formats:

e ptv VISUM (a macroscopic traffic simulation package), see chapter "Importing VISUM-networks
[#user_chp04-other_input-visum]"

e ptv VISIM (a microscopic traffic simulation package), see chapter "Importing VISSIM-networks
[#user_chp0O4-other _input-vissim]"

» ArcView-data base files, see chapter "Importing ArcView-databases [#user_chp04-other_input]”

» XML-descriptions, see chapter "Building Networks from own XML-descriptions [#user_chp04-
xml_descriptions]”

» Elmar Brockfelds unsplitted and splitted NavTeg-data, see chapter "Importing Elmar's converted
NavTech-Files [#user_chp04-other_input-elmar]”

» TIGER databases, see chapter "Importing TIGER-databases [#user_chp04-other_input-tiger]"
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Network Generation

In most of these cases, NETCOVERT needs only two parameter: the option named as the source
application/format followed by the name of the file to convert and the name of the output file (using
the- - out put - fi | e option). So if you want to import a file generated by the VISUM simulation
package, simply write the following:

net convert --visumrMyVi sumNet.inp --output-file=MySUMONet . net. xm

The parameter - - out put - fi | e has the default value "net . net . xim ". That means that both
NETCONVERT and NETGEN will save the generated file as "net . net . xmi" if the option is not
set. Please note, that NETCONVERT hasto be started from the command line. There is no graphical
interface available, yet.

The following subchapters will describe more deeply how NETCONVERT and NETGEN are used,
also discussing some problems with each of the import formats NETCONVERT supports. Please
remind the option to name the output generated by both applications:

( --output-file Defines the file to write the computed network into. This file

| --output | -0) will contain the generated network if the conversion could

<QUTPUT_FI LE> be accomplished. Optional (pregiven), type:filename, default:
"net.net.xml"

Recent changes:

* ARTEMIS network import is was removed from version 0.9.7

Building Networks from own XML-
descriptions

All examples within the distribution were made by hand. For doing this, you need at |east two files:
one file for nodes and another one for the streets between them. Please notice that herein, "node" and
"Junction" mean the same aswell as"edge" and "street" do. Besides defining the nodes and edges, you
can also join edges by type and set explicit connections between lanes. We will describe how each of
these four file types should look like in the following chapters.

Figure 4.2. Building a network from XML -descriptions
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Nodes Descriptions

Within the nodes-files, normally having the extension ". nod. xm " (see Appendix "Naming
Conventions [http://sumo.sourceforge.net/docs/gen/user_apa.shtmi]"), every node is described in a
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single line which looks like this: <node i d="<STRI NG" x="<FLOAT>" y="<FLOAT>"
[type="<TYPE>"]/ > -thestraight brackets ('[' and ') indicate that the parameter isoptional. Each
of these attributes has a certain meaning and value range:

* i d: The name of the node; may be any character string
» X: The x-position of the node on the plane in meters; must be a floating point number
 y: They-position of the node on the plane in meters; must be a floating point number

e type: An optional type for the node. If you leave out the type of the node, it is automatically
guessed by NETCOVERT but may not be the one you intentionally thought of. The following types
are possible, any other string is counted as an error and will yield in a program stop:

e priority: Vehicleshaveto wait until vehiclesright to them have passed the junction.
e traffic_light:Thejunctioniscontrolled by atraffic light.

When writing your nodesfile, please do not forget to embed your node
definitions into an opening and a closing "tag'. A complete file should like
the example below, which is the node file "cross3l.nod.xm" for the
examples "<SUMD DI ST>/ dat a/ exanpl es/ net bui | d/t ypes/ cross_usi ngt ypes/"
and "<SUMD DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/ cross_not ypes/ " example.

<nodes> <!-- The opening tag -->

<node id="0" x="0.0" y="0.0" type="traffic_light"/> <!-- def. of node "O"

<node id="1" x="-500.0" y="0.0" type="priority"/> <!-- def. of node
<node id="2" x="+4500.0" y="0.0" type="priority"/> <!-- def. of node
<node id="3" x="0.0" y="-500.0" type="priority"/> <!-- def. of node
<node id="4" x="0.0" y="+500.0" type="priority"/> <l-- def. of node
<node id="nl" x="-250.0" y="0.0" type="priority"/> <!-- def. of node
<node id="nR" x="+250.0" y="0.0" type="priority"/> <!-- def. of node
<node id="nB" x="0.0" y="-250.0" type="priority"/> <!-- def. of node
<node id="m4" x="0.0" y="+250.0" type="priority"/> <!-- def. of node
</ nodes> <!-- The closing tag -->

As you may natice, only the first node named "0", which is the node in the middle of the network,
isatraffic light controlled junction. All other nodes are uncontrolled. Y ou may also notice, that each
of both ends of a street needs an according node. This is not really necessary as you may see soon,
but it eases the understanding of the concept: every edge (street/road) is a connection between two
nodes (junctions).

Y ou should aso know something about the coordinate system: the higher a node on the screen shall
be (the nearer to the top of your monitor), the higher his y-value must be. The more to left it shall
be, the higher his x-value.

Figure 4.3. Coordinate system used in SUMO
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Since version 0.9.4 you can also give the x- and y-coordinates using geocoordinates. In this case,
the coordinates will be interpreted as long/lat in degrees. Read more on this in "Converting from
Geocoordinates'.

Edges Descriptions

Edges are described quite the same way as nodes, but posses other parameter. Within the
edges file, each description of a single edge looks like this: <edge i d="<STRI NG"
(frommode="<NCDE_| D>" t onode="<NCDE_| D>" | xf rome" <FLOAT>"
yfronF" <FLOAT>" xto="<FLOAT>" yto="<FLOAT>") [type="<STRING" |
nol anes="<I| NT>" speed="<FLOAT>" priority="<U NT>" | engt h="<FLOAT>")]
[ shape="<2D PO NT> [ <2D PO NT>]*"] [spread_type="center"]/>.

What does it mean? Every one who knows how XML-files ook like should have noticed brackets ('(*
and ")") and pipes (') within the definition and these characters are not allowed within XML... What
we wanted to show which parameter is optional. So for the definition of the origin and the destination
node, you can either givetheir namesusingf r onmode="<NCDE_| D>" t onode="<NODE_| D>"
or you give their positions using xf r om=" <FLOAT>" yfrom=" <FLOAT> xt o="<FLQAT>"
yt 0="<FLQOAT>". In the second case, nodeswill be build automatically at the given positions. Each
edge is unidirectional and starts at the "f r oni'-node and ends at the "t 0"-node. If a name of one
of the nodes can not be dereferenced (because they have not been defined within the nodes file) an
error is generated (see a so thedocumentation on - - di sm ss- | oadi ng- er r or s" in subchapter
"Building the Network").

For each edge, some further attributes should be supplied, being the number of lanes the edge has, the
maximum speed all owed on the edge, the length the edge has (in meters). Furthermore, the priority may
be defined optionally. All these values - beside the length in fact - may either be given for each edge
using according attributes or you can omit them by giving theedgea"t ype". Inthis case, you should
also write atype-file (see subchapter "Types Descriptions[#user_chp04-xml_descriptions-types]"). A
type with this name should of course be within the generated type-file, otherwise an error is reported.
Even if you supply atype, you can still override the type's values by supplying any of the parameter
nol anes,speed andpri ori ty.Youmay asoleavethe edge parameter completely unset. Inthis
case, default-values will be used and the edge will have asingle lane, adefault (unset) priority and the
maximum allowed speed on this edge will be 13.9m/s being around 50km/h. The length of this edge
will be computed as the distance between the starting and the end point.

As an edge may have a more complicated geometry, you may supply the edge's shape within the
shape tag. If the length of the edge is not given otherwise, the distances of the shape elements will
be summed. Theinformationspr ead_t ype="cent er " forcesNETCONVERT to spread lanesto
both sides of the connection between the begin node and the end node or from the list of lines making
up the shape. If not given, lanes are spread to right, as default.

Let'slist an edge's attributes again:

* i d: The name of the edge; may be any character string
* Origin and destination node descriptions

Either:

e frommode: The name of a node within the nodes-file the edge shall start at
¢ t onode: The name of a node within the nodes-file the edge shall end at

or:

« xfrom The x-position of the node the edge shall start at in meters; must be a floating point
number

« yfrom The y-position of the node the edge shall start at in meters; must be a floating point
number

12
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« Xt 0: The x-position of the node the edge shall end at in meters; must be a floating point number

» yt 0: They-position of the node the edge shall end at in meters; must be a floating point number
 Descriptions of the edge's type and atomic attributes:

Either:

¢ t ype: The name of atype within the types-file

or/and:

* nol anes: The number of lanes of the edge; must be an integer value

e speed: The maximum speed allowed on the edge in m/s; must be a floating point number
(see also "Using Edges maximum Speed Definitions in km/h" [#user_chpO4-further_options-

kmh_speed)])

e priority: Thepriority of the edge; must be a positive integer value

« | engt h: Thelength of the edge in meter; must be an float value
 The edges shape:

» shape: List of positions; each position is encoded in X,y (do not separate the numbers with
a spacel) in meters; the start and end node are omitted from the shape definition; an example:
<edge id="el" fromode="0" tonode="1" shape="0,0 0, 100"/ > describes
an edge that after starting at node O, first visits position 0,0 than goes one hundred metersto the
right before finally reaching the position of node 1.

e spread_t ype: The description of how to spread the lanes; "cent er " spreads lanes to both
directions of the shape, any other value will beinterpreted as"ri ght ".

The priority plays a role during the computation of the way-giving rules of a node. Normally, the
allowed speed on the edge and the edge's number of lanes are used to compute which edge hasagreater
priority on ajunction. Using the priority attribute, you may increase the priority of the edge making
more lanesyielding in it or making vehicles coming from this edge into the junction not wait.

Also the definitions of edges must be embedded into an opening and a closing tag and for
the example"<SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/ cross_not ypes/ " the
whole edges-file looks like this ("cr oss3l . edg. xm ):

<edges>

<edge
<edge
<edge

<edge
<edge
<edge

<edge
<edge
<edge

<edge
<edge
<edge

</ edges>

id
id
id

id
id
id

id
id
id
id
id
id

“afi
1si ™

lo"

2fi"
2si"
n 20"

3fi"
"3si”

30"

“4fi"
4si "

40"

fromode="1" tonode="ml" priority="2" nol anes="2" speed="11.1
fromode="ml" tonode="0" priority="3" nol anes="3" speed="13. 8
fromode="0" tonode="1" priority="1" nol anes="1" speed="11.11"

fromode="2" tonode="m2" priority="2" nol anes="2" speed="11.1
fromode="nR" tonode="0" priority="3" nol anes="3" speed="13. 8
fromode="0" tonode="2" priority="1" nol anes="1" speed="11.11"

fromode="3" tonode="nmB" priority="2" nol anes="2" speed="11.1
fromode="nB8" tonode="0" priority="3" nol anes="3" speed="13. 8
fromode="0" tonode="3" priority="1" nol anes="1" speed="11.11"

fromode="4" tonode="m" priority="2" nol anes="2" speed="11.1
fromode="m" tonode="0" priority="3" nol anes="3" speed="13. 8
fromode="0" tonode="4" priority="1" nol anes="1" speed="11.11"
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Within this example, we have used explicit definitions of edges. An example for using types is
described in the chapter "Types Descriptions [#user_chp04-xml_descriptions-types]".

Caution

There are some constraints about the streets' ids. They must not contain any of the following
characters.' ' (underline- used for laneids), '[' and"]' (used for enumerations), ' ' (space- used
aslist divider), *' (star, used as wildcard), ;' (used as marker for internal lanes).

Recent changes:

e Thefunct i on-tag was added for version 0.9.4 and was revalidated for version 0.9.5

e 11.03.2008: False documentation updated: - - omi t - cor r upt - edges is outdated; use - -
di sm ss-1 oadi ng- errors instead

e Thefuncti on-tag was removed for version 0.9.9; awarning is generated when this attribute is
used

Defining allowed Vehicle Types

Sinceversion 0.9.5 you may allow/forbid explicitevehicle classesto use alane. Theinformation which
vehicle classes are allowed on alane may be specified within an edges descriptions file by embedding
thelist of lanestogether with vehicle classes allowed/forbidden on them into these lanes edge. Assume
you want to allow only busses to use the leftmost lane of edge "2si" from the example above. Simply
change this edge's definition into:

previous definitions ...
<edge id="2si" fromode="nR" tonode="0" priority="3" nol anes="3"
<l ane id="2" allow="bus"/>
<edge>
further definitions ...

If you would like to disallow passenger cars and taxis, the following snipplet would do it:
previous definitions ...
<edge id="2si" fromode="nR" tonode="0" priority="3" nol anes="3"
<l ane id="2" disall ow="passenger;taxis"/>
<edge>
further definitions ...
The definition of alane contains by now the following attributes:

* i d: The enumeration id of the lane (0 is the rightmost lane, <NUVMBER LANES>-1 is the leftmost
one)

» al | ow Thelist of explicitely allowed vehicle classes
» di sal | ow. Thelist of explicitely disallowed vehicle classes

Both the allowed and the disallowed attributes assume to get a list of vehicle class names devided

by a';'. See "Vehicle Classes [http://sumo.sourceforge.net/docs/gen/user_chp06.shtml#user_chp06-
management-vclasses]” for further information about allowed vehicle classes and their usage.

Caution
Thisisanew feature. Its usage and the way it works will surely change in the future.
Examples: none yet

Recent changes:
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* The possibility to define which vehicle classes are allowed on alane was added in version 0.9.5

Types Descriptions

As mentioned, road types are meant to be used to ease the definition of edges. As described above,
the description of an edge should include information about the number of 1anes, the maximum speed
allowed on this edge and the edge's priority. To avoid the explicit definition of each parameter for
every edge, one can useroad types, which encapsul ate these parameter under agiven name. Theformat
of this definition is: <t ype i d="<STRI NG" nol anes="<INT>" speed="<FLQOAT>"
priority="<U NT>"/>,

The attributes of atype are of course exactly the same as for edges themselves:

* i d: The name of the road type; may be any character string

* nol anes: The number of lanes of the referencing must be an integer value

» speed: The maximum speed allowed on the referencing edge in m/s;, must be a floating point
number

e priority: Thepriority of the referencing edge; must be a positive integer value

The information about the nodes the edge starts and ends at is not given within the types' descriptions.
They can only be set within the edge's attributes. Here's an example on referencing types in edge
definitions:

<edges>

<edge id="1fi" fromode="1" tonode="ml" type="b
<edge id="1si" fromode="nl" tonode="0" type="a"
<edge id="10" fromode="0" tonode="1" type="c"/

<edge id="2fi" fromode="2" tonode="nmR2" type="b
<edge id="2si" fromode="nR2" tonode="0" type="a"
<edge id="20" fromode="0" tonode="2" type="c"/

<edge id="3fi" fromode="3" tonode="nB" type="b
<edge id="3si" fromode="nB" tonode="0" type="a"
<edge id="30" fromode="0" tonode="3" type="c"/

<edge id="4fi" fromode="4" tonode="mi" type="b
<edge id="4si" fromode="n4" tonode="0" type="a"
<edge id="40" fromode="0" tonode="4" type="c"/
</ edges>
The according typesfile looks like this:
<types>
<type id="a" priority="3" nol anes="3" speed="13.889"/>
<type id="b" priority="2" nol anes="2" speed="11.111"/>
<type id="c" priority="1" nol anes="1" speed="11.111"/>
</types>
As you can see, we have joined the edges into three classes "a', "b", and "c" and have generated a
description for each of these classes. Doing this, the generated net is similar to the one generated using

the settings described above (example "<SUMO_DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/
cross_notypes/").
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Examples:

» Thebasic usage of typesis shownin <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/
cross_not ypes/ where the same network is constructed once not using types (subfolder
"cr oss_not ypes") and once using them (subfolder "cr oss_usi ngt ypes").

Recent changes:

* Thef uncti on-tag was added for version 0.9.5

e Thefuncti on-tag was removed for version 0.9.9; awarning is generated when this attribute is
used

Connection Descriptions

Explicite setting which Edge / Lane is connected to which

If you have tried the version 0.7 you have possibly missed the possibility to specify the connections
between the edges for yourself. This is now possible using a further file, the connections file. The
connection file specifies which edges outgoing from a junction may be reached by a certain edge
incoming into this junction and optionally also which lanes shall be used on both sides.

If you only want to describe which edges may be reached from acertain edge, thisdefinition could look
something like this: <connecti on fronm="<FROM EDGE | D>" to="<TO_EDGE | D>"/>.
This tells NETCONVERT not only that vehicles shall be allowed to drive from the edge named
<FROM _EDCE_| D> to the edge named <TO_EDGE_| D>, but aso prohibits all movements to other
edgesfrom <FROM _EDCE_| D>, unlessthey are specified within thisfile. Let'srepeat the parameters:

» f r om The name of the edge the vehiclesleave
* t 0: The name of the edge the vehicles may reach when leaving "from"

When using this kind of input, NETCONVERT will compute which lanes shall be used if any
of the connected edges has more than one lane. If you also want to override this computation
and set the lanes by hand, use the following: <connecti on frone"<FROM EDGE | D>"
to="<TO_EDGE | D>" | ane="<INT_1>: <| NT_2>"/>. Here, a connection from the edge's
"<FROM_EDCE_| D>" lane with the number <I NT_1> is build to the lane <I NT_2> of the edge
"<TO_EDGE | D>". Lanes are counted from the right (outer) to the left (inner) side of the road
beginning with 0. Again the parameter:

» f r om The name of the edge the vehiclesleave
* t 0: The name of the edge the vehicles may reach when leaving "from"

* | ane: the numbers of the connected lanes, separated with ":'; lanes are counter from right to left
beginning with 0

There are two examples within the distribution. Both use the nodes and edges descriptions
from the example located in "<SUMO DI ST>/ dat a/ exanpl es/ net bui |l d/types/
cross_not ypes/". The junction in the center of this example looks like shown within the next
figure. We will now call it the "unconstrained network" because all connections and turnarounds are
computed using the default values.
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Figure 4.4. Unconstrained Networ k (zoom=2200)

The example <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _edge2edge_conns/ " shows what happens when one uses connections to limit the
number of reachable edges. To do this we built a connections file where we say that the horizontal
edges ("1s" and "2si") have only connections to the edges right to them and the edge in straight
direction. Thefile lookslike this:

<connecti ons>

<connection fronF"1si" to="30"/>
<connection fronE"1si" to="20"/>

<connection fronE"2si" to="40"/>
<connection fronE"2si" to="10"/>

</ connecti ons>

As you may see in the next picture, the horizontal edges within the result network contain no left-
moving connections.
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Figure 4.5. Network with explicit edge-2-edge connections

In the second example located in <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/
connecti ons/ cross3l _I anesl ane_conns/ " we additionally describe which lanes shall be
connected. The according connections file says that the connections going straight shall be start at the
second lane of the incoming edges:

<connecti ons>

<connection fronF"1si" to="30" | ane="0:0"/>
<connection fronE"1si" to="20" | ane="2:0"/>

<connection fronE"2si" to="40" | ane="0:0"/>
<connection fronE"2si" to="10" | ane="2:0"/>

</ connecti ons>

The built network looks like this:
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Figure 4.6. Network with explicit lane-2-lane connections

Warning

Please do not use both types of connection declarations (those with an | ane attribute and
those without) for the same from-edge! The behaviour is not verified and tested for these
settings.

Examples (compare both to <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _unconstrai ned/):

» <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _edge2edge_conns/ shows how edge-to-edge connections may be specified

e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _| ane2l ane_conns/ shows how lane-to-lane connections may be specified

Recent Changes:

* A bug which sometimes yielded in areassignment of connectionsis patched in version 0.9.3

Setting Connection Priorities

Since version 0.9.6 you can also |l et vehicles passing a connection between two edges wait for another
stream. Let's take another look at "Network with explicit edge-2-edge connections" above. Here, all
right-moving vehicles may drive. The following definition within the connectionsfile lets vehicles on
vertical edges moving right wait for those which move straight on horizontal edges:

<connecti ons>

<l-- The next four connection definitions are sane as in
"Network with explicit edge-2-edge connections" -->

<connection from="1si" to="30"/>

<connection from="1si" to="20"/>

<connection fronE"2si" to="40"/>
<connection fronE"2si" to="10"/>

19



Network Generation

<I--
<I--

now, let's prohibit the vertical connections by the horizontal -->

pr ohi bi t

novi

<prohi biti on prohi

<I--

pr ohi bi t

novi

<prohi biti on prohi

<I--

pr ohi bi t

novi

<prohi biti on prohi

<I--

pr ohi bi t

novi

<prohi biti on prohi

<I--

pr ohi bi t

novi

ng right fromtop to left by straight fromright to left -
bi t or ="2si ->10" prohi bi ted="4si->10"/>
ng straight fromtop to bottomby straight fromright to I
bi t or="2si ->10" prohi bited="4si->30"/>
ng left fromtop to right by straight fromright to left -
bi t or ="2si ->10" prohi bi ted="4si->20"/>

ng right frombottomto right by straight fromleft torig
bi t or ="1si - >20" prohi bi ted="3si->20"/>
ng straight frombottomto top by straight fromleft to ri

<prohi bition prohibitor="1si->20" prohibited="3si->40"/>

<l-- prohibit noving left frombottomto right by straight fromleft to righ

<prohi bition prohibitor="1si->20" prohibited="3si->10"/>
</ connecti ons>
As one may see, it was necessary to prohibit al connections from a vertical edge by the counter-

clockwise straight connection on a horizontal edge because otherwise the vehicles on the horizontal
edge want to wait due to right-before-left - rule. The network looks like this:

Figure4.7. Network with explicite prohibitions

The syntax of a prohibition-tag is: <prohi bi tion
pr ohi bi t or =" <PROHI Bl TI NG_FROM EDGE | D>- ><PROHI Bl TI NG_TO EDGE_| D>"

pr ohi bi t ed=" <PROHI Bl TED_FROM EDGE_| D>- ><PRCHI Bl TED TO EDGE | D>"/ >.
This means we define two connections (edge-to-edge), the prohibiting one (pr ohi bi t or ) and the
prohibited (pr ohi bi t ed). Each connectionisdefined by afrom-edge and ato-edge, divided by "->".

Examples (compare to <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _unconstrai ned/):

e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ connecti ons/
cross3l _prohi bitions/ showshow prohibitions may be specified

Recent Changes:

» The possibility to add prohibitions was implemented for version 0.9.6
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Building the Network

After you have generated the files you need being at least the edges and the nodes-files and optionally
also atype and/or a connections file you should run NETCONVERT to build the network. The call

should look like:

net convert

--xm - node-fil es=MyNodes. nod. xni

--output-file=MySUMONet . net . xm

if you only use edges and nodes. Types and connections may be given as:

net convert

--xm - node-fil es=MyNodes. nod. xni
--xm - connecti on-fil es=MyConnecti ons. con. xm

--output-file=MySUMONet . net . xm

Maybe your edge definitions are incomplete or buggy. If you still want to import your network, you
can try passing "- - di smi ss-1 oadi ng-errors" to NETCONVERT. In this case, edges which
are not defined properly, are omitted, but NETCONVERT tries to build the network anyway. You
may also flip the network around the horizontal axis. Use option "- - f | i p- y" for this.

You may also use abbreviations for the option names. These abbreviations and options used when
building SUMO-networks from own XM L-descriptions are;

( --xm-node-files

| --xm-nodes | -n)
<NODES_FI LE>

( --xnm-edge-files

| --xm-edges | -e )
<EDGES_FI LE>

( --xm-connection-files
| --xm -connections | -x
) <CONNECTI ONS_FI LE>

( --xm-type-files

| --types | -t )
<TYPES_FI LE>

--di sm ss-1oading-errors

--flip-y

See also:

Usesthe given file as the source of specification node positions
and types. Optional, type:filename, default: none

Uses the given file as the source of specification of roads
connecting nodes. Optional, type:filename, default: none

Uses the given file as the source of specification how roads
are connected (which lanes may be reached from which lanes).
Optional, type:filename, default: none

Uses the given file as the source of edge types. Optional,
type: filename, default: none

Continues with parsing although a corrupt edge occurred.
This edge is not inserted and a warning is printed. Optional
(pregiven), type:bool, default: false

Flipsthey-position of nodes (and edges) along the y=zero-line.
Optional (pregiven), type:bool, default: false

» "Setting default Values [#user_chpO4-further_options-defaults]"”
» "Using Edges maximum Speed Definitionsin km/h" [#user_chp04-further_options-kmh_speed)]

* "Importing  Networks
importing_notlg]"

without

Traffic Light Logics [#user_chpO4-further_options-

» "Guessing On- and Off-Ramps [#user_chpO4-further_options-guessing_ramps]"

Converting from Geocoordinates

Examples:

"Adding Turnarounds [#user_chpO4-further_options-turnarounds]"
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Almost all networks within the <SUMO_DI ST>/ dat a/ - folder. Additionally some examples that
cover the mentioned topics are:

* On using types:
e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/ cr oss_not ypes/

e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ t ypes/ cr oss_usi ngt ypes/
» On using speed definition in km/h

e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ cross_not ypes_knh/

e <SUMO DI ST>/ dat a/ exanpl es/ net bui | d/ cross_usi ngt ypes_knh/
* On using edge shapes

e <SUMD DI ST>/ dat a/ exanpl es/ net bui | d/ shapes/ hokkai do-j apan/
Recent changes:

e --xm -type-fil eswasnamed--type-fileinversionsearlier than 0.9.2

* Inthe previous examples the option for nodes inclusion was misspelled (- - xml - nodes-fil es
isincorrect, - - xm - node-fi | es isright). Thanks to Leander Verhofstadt to recognize this.

* Anerror in this documentation has been removed for version 0.9.5

» 11.03.2008: False documentation updated: - - omi t - cor r upt - edges is outdated; use - -
di sm ss-1 oadi ng- errors instead

Converting other Input Data

Large maps cannot be written by hand. We use maps from NavTech stored in the ArcView database
format and maps from other simulation suppliers such as ptv within our projects and both aretoo large
for this. We will now explain how to convert such data. We will not give any introduction into the
formats/simulations themselves or compare their quality, but we will describe what is being imported
and what problems may arise during the conversion.

Importing ArcView-databases

NETCONVERT is able to directly read binary NavTech's ArcView databases. To convert such
databases, you need at |east threefiles: afilewith theextension . dbf ", onewiththeextension".shp”
and one with the extension ". shx". Additionally, having a projection file with the extension ".proj"
is of benefit. Since version 0.9.2 we do not suply the possibility to use different namesfor the files, so
all files should have the same name besides the extension. To build your network from an ArcView-
database use the option - - ar cvi ew=<FI LENAME_W THOUT _EXTENSI ON>":

net convert --arcvi ew=MyArcVi ewDB - -out put-fil e=MySUMONet . net . xni

This cal will force NETCONVERT to read the files "MyArcVi ewDB. dbf",
"My Ar cVi ewDB. shx",and"MyAr cVi ewDB. shp" (and possibly "MyAr cVi ewDB. pr oj "andto
generateanetwork named "My SUMONet . net . xm ". Wehave been asked which fieldsare read from
ArcView-files. As said before, the reader was build to read ArcView-files containing road networks
from NavTech. Due to this the following fields are used as default:
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Table4.1. Entriesread by NETCONVERT

Entity Name Description

LINK_ID Theid of an edge

ST_NAME The name of an edge (not really used)
REF_IN_ID The name of the node the edge starts at
NREF_IN_ID The name of the node the edge ends at
ST TYP AFT The type of the street (not really used)
SPEED CAT Speed category

LANE_CAT L ane category

FUNC_CLASS Road class, used to determine the priority

The problem is, that not all networks stored as ArcView-databases also use this naming scheme.
During some further work with ArcView-networks, some further options got necessary which allow
to name the fields the used database contains. The column the street name shall be read from
may be specified using - - ar cvi ew. street-i d <STREET_NAME_COLUWN_NAME>. You can
also name the columns the names of the edges origin and destination nodes shall be read from
using--arcview. fromid <START_NCDE | D COLUMN_NAME>and--arcview.to-id
<END_NODE_| D_COLUMN_NAME>. If the no information about the starting/ending nodes is given
and your database does not contain the columns "REF_IN_ID" and "NREF_IN_ID", nodes will be
placed into the network at the positions the streets end.

Since version 0.9.2 we also allow to override the rather "fuzzy" information about an edge's attributes
from NavTech using own fields:

Table4.2. Possible entriesto override NavT ech-infor mation

Entity Name Description

SPEED The speed in m/s (see aso "Using
Edges maximum Speed Definitions in km/h"
[#user_chpO4-further_options-kmh_speed])

NOLANES The number of lanes
rnol The number of lanes
PRIORITY The priority

This idea came from John Michael Calandrino.

Some databases do not contain explicite information about the edges attributes (number
of lanes, priority, allowed speed) at al. Since verson 0.9.4 you can use types as
described in "Types Descriptions' to describe your edges attributes. You have to name the
column to retrieve the information about a street's type from using - - arcvi ew. type-id
<TYPE_I| D_COLUMN_NAME>. Of course, you have then to supply atype-fileusing - - xmi -t ype-
files <TYPES_FILE> (or--types or-t ). If something fails with the types or the explicite
values, you can catch it using - - ar cvi ew. use- def aul t s- on-f ai | ur e. Besides this, you
can specify your own connectionsusing - - Xxm - connecti on-fil es <CONNECTI ONS_FI LE>
(or - -xm - connecti ons or - x, see "Connection Descriptions [#user_chp04-xml_descriptions-
connectiong]").

ArcView-networks are (mostly?) encoded using geocoordinates which have to be converted to the
cartesian coordinates system used by SUMO. Our current implementation is not yet fully developed,
it works for the most cases, but you should not be surprised if it fails with a certain network.
Contact us in this case, please. To describe how to convert the coordinates, you should know in
which UTM-zone your network is located. Pass this to NETCONVERT using - - ar cvi ew. ut m
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<ORlI G NAL_UTM ZONE>. If the conversion can not be initialised, you may additionally use - -
ar cvi ew. guess- proj ecti on tolet NETCONVERT guess the conversion by him own.

Specific options:

--arcvi ew Loads definitions from “"<ARCVI EW PREFI X>. shp",

<ARCVI EW PREFI X> "<ARCVI EW PREFI X>. dbf " and
"<ARCVI EW PREFI X>. shx". Optional, type:filename-
prefix, default: none

--arcvi ew. street-id <STREHibiéporGElSNETREAMBAERT which of the columns within
the ArcView-database to read shall be used as the source of
street names. If given, your database must contain this column,
and the values must be unique for each street. Optional,
type string, default: none

--arcview. fromid <START NODEoptipr@al$NETREMAERT which of the columns within
the ArcView-database to read shall be used as the source of
the information from which node the street starts. If given,
your database must contain this column. Optional, type: string,
default: none

--arcview. to-i d <END NODE Tls Q@idsvN | NIFESONVERT which of the columns within
the ArcView-database to read shall be used as the source
of the information at which node the street ends. If given,
your database must contain this column. Optional, type: string,

default: none
--arcview. type-id This option tellsNETCONV ERT which of the columns within
<TYPE_| D_CO_UMN_NAME> the ArcView-database to read shall be used as the source of the

information about the edge's type. Using thisinformation, you
can usetype definitionsas described in " Types Descriptions' to
determine your edges attributes. If given, your database must
contain this column. Optional, type:string, default: none

--arcvi ew. use-defaul ts- If a type could not be resolved or is invalid or any of the
on-failure explicite information about an edge was invalid, this option
forces NETCONVERT to use the default type values for the
current street. If not set, and one of the cases occures, the
application's behaviour is not determined. Optional, type:boal,

default: false
--arcview al |l -bidi Forces NETCONVERT to insert all edges bidirectional.
Optional (pregiven), type:bool, default: false
--arcview. utm This value describes in which UTM-zone your network is
<ORI G NAL_UTM ZONE> located. The default is 32 being a place somwhere in western

Germany. Y ou should change this value if importing networks
located somewhere else in the world. Optional (pregiven),
typeiint, default: 32

--arcvi ew. guess- If building a converter using the given UTM-zone fails, this
proj ection option tries to guess the project if set. Of course, this may also
fail... Optional (pregiven), type:bool, default: false

See also:

* "Importing Networks without Traffic Light Logics [#user_chpO4-further_options-
importing_notlg]"
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» "Using Edges maximum Speed Definitionsin km/h" [#user_chp04-further_options-kmh_speed]
» "Guessing On- and Off-Ramps [#user_chpO4-further_options-guessing_ramps]"

» "Adding Turnarounds [#user_chp04-further_options-turnarounds]”

* "Types Descriptions [#user_chp04-xml_descriptions-types]"

 "Connection Descriptions [#user_chp04-xml_descriptions-connections]"

Examples. none yet
Recent changes:

 versions earlier than 0.9.2 alow to use an explicit filename for both the .dbf and the .shp file using
"--arcvi ew dbf"and"- - ar cvi ew shp". This was abondonned, because of the need to use
.shx-files, also.

» ArcView-import has been completely redesigned for version 0.9.4. All options but "- - ar cvi ew
<ARCVI EW PREFI X>" are not available in versions prior to 0.9.4

Importing VISSIM-networks

Although Vissim is a microscopic simulation as SUMO is, it follows a completely different concept
of modelling traffic. Dueto this, theimport is quite clumsy and may not work with all networks. Also,
we have to insert additional edges into our networksto simulate the Vissim-parking places, originally
being nodes, which we do not have. An usage example could be this one:

net convert --vissinmE<VISSI M FILE> --output-file=MySUMOFil e. net.xnl

Vissim-networks do possibly not contain explicit definitions of an edge's speed. We have to
propagate once set velocities, but even then some edges speeds may not be defined. The option "- -

vi ssi m def aul t - speed" may change the default speed used in the case an edge's speed is not
defined. The default valuefor thisparameter is 13.89m/s, being around 50km/h. The second parameter
"--vi ssi m speed- nor m' describes the factor to multiply a described flows maximum velocity
to gain the velocity to use. The default valueis 1.

Furthermore, aswe haveto use geometrical heuristics, afurther factor steersthe process of converting
Vissim-networks: simply spoken, "- - vi ssi m of f set " holds the information how near two nodes
must be (in meters) to be joined.

During import, different actions must be done which may yield in some loss of data and may be
watched in part by setting the verbose option. The additional warnings theimport of Vissim-networks
generates will be described in a further document.

Specific options:

--vissim <Fl LE> L oads definitions from the given file (should end with ".inp").
Optional, type:filename, default: none

--Vvi ssimspeed-norm A factor that is multiplied with a streams maximum velocity to

<SPEED NORM FACTOR> determine the velocity to use for an edge. Optional (pregiven),
type:float, default: 1

--vissimdefault-speed The default speed to use for a street when no information is

<DEFAULT_SPEED> available. Optional (pregiven), type:float, default: 13.89 (mv/s)

--vissimoffset This value is used to determine whether two Vissim-structures

<MAX_JO N_DI STANCE> are near enough to be joined into a node. Optional (pregiven),

type:float, default: 5 (m)

Known problems:
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» Works with German networks only
 All actuated traffic lights are mapped onto the same type of traffic light (M SActuatedTrafficLight)
» Additional source and sink links must be build

Examples: none yet (we do not own a network we could give away for legal reasons)
Recent changes:
* --Vissimspeed-norm --vissimdefaul t-speed, and --vi ssi m of f set were

named - - vi ssi m speed-norm - -vi ssi mdef aul t - speed, and - - vi ssi m of f set
in version prior to 0.9.6.

Importing VISUM-networks

Visum is a macroscopic simulation developed by ptv. NETCONVERT is capable to read VISUM-
networks written as. net files. An usage import call could be this one:

net convert --visume<VI SUM FI LE> --output-file=MySUMOFi | e. net. xnl

As the network description may not contain any information about the number of lanes, we have to
generate it from the street's flow. The computation is done by dividing the flow through a fix value,
2000 by default. Thisyieldsin arealistic network but fails on ‘feeder roads where vehiclesare emitted.

You can aso specify your own connections using --xml-connection-files
<CONNECTI ONS_FI LE> (or --xm -connections or -Xx, see "Connection Descriptions
[#user_chp04-xml_descriptions-connections]").

Not al parts of the Visum-Format are read; below you'll find a table which contains the information
which Visum-tables are imported.
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STRECKE (STRECK ENK/
Table4.3. Imported VISU

VonKnot (VonKnotNr)

NachKnot (NachK notNr)

Typ (TypNr)

Einbahn

ANBINDUNG

District connections

BezNr

KnotNr

Proz

to-1vV

Typ

Richtung

ABBIEGEBEZIEHUNG
(ABBIEGER)

Edge Connections

VonKnot (VonKnotNr)

UeberKnot (UeberKnotNr)

NachKnot (NachKnotNr)

V SysCode (VSY SSET)

STRECKENPOLY

Edge geometries

VonKnot (VonKnotNr)

NachKnot (NachKnotNr)

INDEX

XKoord

Y Koord

FAHRSTREIFEN

Lane descriptions

KNOTNR

STRNR

FSNR

RICHTTYP

LAENGE

LSA (SIGNALANLAGE)

TLS

Nr

Umlaufzeit (UMLZEIT)

StdZwischenzeit
(STDZWZEIT)

PhasenBasiert

KNOTENZULSA
(SIGNALANLAGEZUKNOTEN

Nodes->TLS
N)

KnotNr

LsaNr

LSASIGNALGRUPPE
(SIGNALGRUPPE)

Signal groups

Nr

LsaNr

GzStart (GRUENANF)

GzEnd (GRUENENDE)

ABBZULSASIGNALGRUPPE
(SIGNALGRUPPEZUABBIEGE

Specific options:

Edge connections->TLS
'R)

SGNR
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LsaNr
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UeberKnot (UeberKnotNr)

LsaNr

-
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Nr
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--visum <FI LE> Loads definitions from the given file (should end with ".net").
Optional, type:filename, default: none

See also:

» "Importing Networks without Traffic Light Logics [#user_chpO4-further_options-
importing_notls]"

» "Guessing On- and Off-Ramps [#user_chpO4-further_options-guessing_ramps]"

» "Adding Turnarounds [#user_chp04-further_options-turnarounds]”

 Converting from Geocoordinates

* "Connection Descriptions [#user_chp04-xml_descriptions-connections]”

Examples. none yet (we do not own a network we could give away for legal reasons)
Recent changes:

» Since version 0.9.4, NETCONVERT can also convert VISION-networks (VISUM version 0.9.3).
Please remark for this case, that we do not have a VI SION-network which contains TL S-definitions
and due to this the import of these may fail.

Importing Elmar's converted NavTech-Files

Y ou can convert both the splitted and the unsplitted version of filesgenerated by EImar from NavTech-
files. There seems to be no difference between the results in the networks' topologies, but the names
of junctions and roads change. The option - - el mar loads the splitted definitions, - - el mar 2 the
unsplitted. Both options await the prefix as generated by Elmar's converter, an optiona pathisallowed.
Example:

net convert --elnmar=berlin_ --output-file=MySUMCFi | e.net.xm

Imports the descriptions of nodes from "berlin_nodes.txt" and the edges from
"berlin_links.txt".

You can aso specify your own connections using --xml-connection-files
<CONNECTI ONS_FI LE> (or --xm -connections or -Xx, see "Connection Descriptions
[#user_chp04-xml_descriptions-connections]").

Specific options:

--el mar <NET_PREFI X> Loads the gplitted versions of the files behind
<NET_PREFI X>. Optional, type:filename-prefix, default:
none

--el mar2 <NET_PREFI X> Loads the wunsplitted versions of the files behind
<NET_PREFI X>. Optional, type:filename-prefix, default:
none

See also:

"Importing Networks without Traffic Light Logics [#user_chpO4-further_options-
importing_notls]"

» "Guessing On- and Off-Ramps [#user_chpO4-further_options-guessing_ramps]"

» "Adding Turnarounds [#user_chp04-further_options-turnarounds]”

 Converting from Geocoordinates

* "Connection Descriptions [#user_chp04-xml_descriptions-connections]"

Examples: none yet (we do not own a network we could give away for legal reasons)
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Importing TIGER-databases

Thisimport function isin arather experimental state. We need someone who owns a network she/he
knows and who could give us an advice whether the import work as expected. Y ou still may try it out
using the option - - t i ger =<FI LE_PREFI X>.

You can aso specify your own connections using --xml-connection-files
<CONNECTI ONS_FI LE> (or --xm -connections or -x, see "Connection Descriptions
[#user_chp04-xml_descriptions-connections]").

See also:

e "Importing Networks without Traffic Light Logics [#user_chpO4-further_options-
importing_notlg]"

» "Guessing On- and Off-Ramps [#user_chpO4-further_options-guessing_ramps]"

e "Adding Turnarounds [#user_chp04-further_options-turnarounds]”

 Converting from Geocoordinates

 "Connection Descriptions [#user_chp04-xml_descriptions-connections]"

Examples: none yet

Further NETCONVERT Options

NETCONVERT offers some more options to describe how the network shall be imported. The scope
of some options does not cover al import types, though alist of valid import types for each option
set is given.

Setting default Values

We have mentioned, that edge parameter may be omitted and defaults will be used in this case. Y ou
have the possibility to define these defaults using the following options:

( --type | -T) The name of the default type of edges. Optional (pregiven),
<DEFAULT_TYPE_NAME> type:string, default: "Unknown"

( --lanenunber | -L ) The number of lanes an edge has to use as default. Optional
<DEFAULT_LANE_NUMBER> (pregiven), type:int, default: 1

( --speed | -S) The maximum speed allowed on an edge in m/s to use as
<DEFAULT_MAX_ SPEED> default. Optional (pregiven), type:float, default: 13.9

( --priority | -P) The default priority of an edge. Optional (pregiven), type:
<DEFAULT_PRI ORI TY> positive int, default: -1 (unset)

These options may be used while importing the following formats:
» XML-descriptions

Examples. none yet

Adding Turnarounds

Normally, turnarounds are added as a possible edge continuations and play an important
role during network building (see [Krajzewicz et al2005 2] [http://sumo.sourceforge.net/docs
bibliography.shtml#Krajzewicz2005_2]). Still, one may want not to add them. In this cases, it is
possible to disalow their appending using option - - no- t ur nar ounds".

Specific option:

--no-turnarounds Optional (pregiven), type:bool, default: false
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This options may be used while importing the following formats:

* ARCVIEW-data basefiles
* XML-descriptions

Recent changes:

* in versions earlier than 0.9.3, turnarounds were not added per default. Instead the option "- -
append-t ur nar ounds" hasforced NETCONVERT to add them.

Removing Geometry Nodes

In most input networks one may find nodes where one street comesin and one with the same attributes
goes out or where two parallel edges comein and two (with the same attributes) come out. Such nodes
have mostly no meaning (maybe besides the additional possibility to make a U-turn) and may be
removed. The removal of such nodesincreases the simulation speed due to a smaller number of edges
to process during each time step. To remove such nodes and join theincoming and outgoing edges use
"--renpve- geonet ry". Theremoval of nodes preserves the geometry of edges by ading afurther
geometry point at the removed node's position.

Specific option:

( --remove-geometry | -R ) Optional (pregiven), type:bool, default: false
This options may be used in conjunction with all import formats.

Recent changes:

* in versions earlier than 0.9.3, geometry nodes were removed by default. One could change this
behaviour using the"- - no- node- r emoval " option.

Using Edges' maximum Speed Definitions in km/h

Some people do not like to use speed definitions in m/s. If you want to define the speeds allowed on
your edgesin km/h instead, you should pass the following option to NETCONVERT:

--speed-in-kmh Optional (pregiven), type:bool, default: false
This option may be used while importing the following formats:

* ARCView-databases
* XML-descriptions

Examples:

* <SUMO DI ST>\ dat a\ exanpl es\ net bui | d\ cross_not ypes_knh in comparison to
<SUMO DI ST>\ dat a\ exanpl es\ net bui | d\ cross_not ypes

* <SUMO_DI ST>\ dat a\ exanpl es\ net bui | d\ cr oss_usi ngt ypes_knh in comparison
to <SUMO DI ST>\ dat a\ exanpl es\ net bui | d\ cr oss_usi ngt ypes

Recent changes:

e --speed-i n- kmh wasnamed - - speed- i n- kmin versions earlier than 0.9.2

Importing Networks without Traffic Light Logics

Some of the supported network formats supply information about the logic of the traffic lights,
other do not. Due to this, we have to compute the traffic lights by our own. Doing this, we do not
only have to compute the plans, but of course also, on which junction traffic lights are positioned.
There are severa options steering this procedure. At first, you haveto tell NETCONVERT/NETGEN
that you wish him to guess positions of traffic lights. This is done using the "- - guess-t| s"-
option. Then, you have the possibility to describe the junctions at which you think a tls shall be
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placed using description of incoming and outgoing edges: - - t | s- guess. no-i hconi ng- m n",
"--tl s-guess. no-i ncom ng- max","--tl s-guess. no-out goi ng-mn"and"--tl s-
guess. no- out goi ng- max" constraint the building of atls by the number of the lanes incoming/
outgoing edges have. All these four options require an int as parameter. Furthermore, you may
constraint the junctions by giving the minimum/maximum of allowed speed on edges that participate:
"--tls-guess. mn-inconi ng-speed","--tls-guess. max-i ncom ng- speed"”, "- -
tl s- guess. m n-out goi ng- speed”,and"- -t | s- guess. nmax- out goi ng- speed".

Caution

No, we do not have avalidated set of these option's settings, yet.

Y oumay also set junctionsastls-controlled using - - expl i ci t e-t | s" or asuncontrolled using "-
-explicite-no-tl s". Bothoptionsassumeto get alist of node namesdivided by ', as parameter.
The behaviour when anodeisin both listsis undefined.

If you want to know where traffic lights have been inserted and your network istoo large to evaluate
this by hand, you can force NETCONVERT to write a list of POIs where each POI is placed on a
tls-controlled junction. This allows you to tae alook at all the positions tls have been inserted at. The
option for doing thisis- -t | s- poi - out put <FI LENAME> where <FI LENAME> isthe filename
to write the POIsinto.

Normally, only one traffic lights logic (phases definition) is computed per a traffic lights controlled
junction, but the algorithm we use is able to compute several logics. To force the computation of all
possiblelogics, use"- - al | - | ogi ¢s". Remind, that all logicswill bewritten to the network fileand
that we have no tools for further procesing of these logics.

During the computation of tls-logics among other information we have to guess the duration of the
phases. The options"--traffic-1ight-green"and"--traffic-1ight-yellow' alow
you to give the durations of green and yellow lights. Both options assume the durationin sasanint as
parameter. The duration of having red is dependant to the number of other phases and their green and
yellow phase durations. The green phase length has a default of 20s, yellow lights are - if no valueis
set for this option - computed using the "- - mi n- decel " - value described below.

One has to remind one thing: dead times are necessary to avoid collisions of vehicles which do not
manage to break as they are too near to the traffic light when it switches to red. This time may be
computed, and is, but depends on the maximum deceleration possibility of the vehicles used. Asthis
parameter is not known to the network builder at al - the vehicle types are supported to the simulation
only - the option "- - m n-decel " (or - D for short) is used to set the minimum deceleration of
vehicles. The default is 3.0 in m/s™2.

There is no possibility to compute or estimate green light districts, yet. You have only the options
to shift the computed phases by half of their duration or by a quarter of their duration. The options
forthisare:"--tl -1 ogics. hal f-of fset"and"--tl-1o0gi cs. quarter-offset". Both
options assume to get alist of node names divided by ',' as parameter. The behaviour when anode is
in both lists or if the node is hot meant to be controlled by atlsis undefined.

Specific options:

--guess-tls ForcesNETCONVERT/NETGEN to guess whether ajunction
is controlled by atls or not. Optional, type:bool, default: false

--tls-guess. m n- Setsthe minimum and the maximum of thevelocity ajunction's

i ncom ng- speed <SPEED>, incoming edges may have if the junction shall betls-controlled

--tl s-guess. nax- in m/s. Optional (pregiven), typefloat, defaults. --tls-

i ncom ng- speed <SPEED> guess.min-incoming-speed: 40/3.6, --tls-guess.min-incoming-
speed: 69/3.6

--tls-guess. m n- Setsthe minimum and the maximum of thevel ocity ajunction’s

out goi ng- speed <SPEED>, outgoing edges may have if the junction shall be tls-controlled
in m/s. Optional (pregiven), typefloat, defaults: --tls-
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--tl s-guess. nax- guess.min-outgoing-speed: 40/3.6, --tls-guess.max-outgoing-
out goi ng- speed <SPEED> speed: 69/3.6

--tl s-guess. no-i ncom ng- Sets the minimum and the maximum number of a junction's

m n <LANE NUMBER>, -- incoming edges to allow the junction to be controlled by
t| s-guess. no-i ncom ng- a tls. Optional (pregiven), type:int, defaults. --tls-guess.no-
max <LANE NUVBER> incoming-min: 2, --tls-guess.no-incoming-max: 5

--tl s-guess. no- out goi ng-  Sets the minimum and the maximum number of a junction's
m n <LANE_NUMBER>, -- outgoing edges to alow the junction to be controlled by
tl s- guess. no- out goi ng- a tls. Optional (pregiven), type:int, defaults. --tls-guess.no-
max <LANE NUVBER> outgoing-min: 1, --tls-guess.no-outgoing-max: 5

--explicite-tls <JUNCTI ON linforms<ié/NEhodNbuiDdgr that the given junctions shall be
treated as being controlled by traffic lights, even if they do not
match thetls-guessrules. Optional, type:list of strings, default:
none

--explicite-no-tls <JUNCTII@GNriiSthe nétledd b@ider Ehdt *the given junctions shall be
treated as NOT being controlled by traffic lights, even if they
match thetls-guessrules. Optional, type:list of strings, default:
none

--all-1logics Computes and saves all possible cliques and phases for a
traffic light instead of the fastest one only. Optional, type: booal,
default: false

Caution

This process may be very time consuming.

( --min-decel | -D) he minimum deceleration value for vehiclesin m/s*2. Optional
<FLOAT> (pregiven), type:float, default: 3
--traffic-light-green The duration of green lights. Optional, type:int, default: none
<DURATI ON> (20sinternally)

--traffic-light-yellow The duration of yellow lights, overrides - - m n- decel .
<DURATI ON\> Optional, type:int, default: none

--tls-poi-output If given, NETCONV ERT will write position of nodes equipped
<FI LENANVE> with tls into <FI LENAME>. Optional, type:filename, default:

none

These options may be used while importing the following formats:

* ARCVIEW-databasefiles
* XML-descriptions

e Elmar-files

* VISUM-networks

Recent changes:

» Sinceversion0.9.10,--explicite-tlsand--explicite-no-tls aredividedusing','
e Since verson 0.9.10, --tl-logics.half-offset and --tl-1ogics.quarter-
of f set aredivided using ',".

Guessing On- and Off-Ramps

Most of the imported network descriptions do not have information about highway on- and off-ramps.
You can force NETCONVERT to guess where on- and off-ramps shall be build. To enable this, use
the option "- - guess- r anps". The agorithm assumes that an on-ramp shall be build on highway
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junctions with one incoming and one outgoing highway edge and one incoming minor edge and that
an off-ramp shall be build on highway junctions with one incoming and one outgoing highway edge
and one outgoing minor edge. Y ou can constrain what a highway is by giving its minimum speed of
this edge using "- - r anp- guess. ni n- hi ghway- speed" and what a minor edge is by giving
its maximum speed using "- - r anp- guess. max- r anp- speed". Both options assume a float
parameter being the speed. Furthermore, - - r anp- guess. r anp- | engt h" tellsNETCONVERT
how long the added ramp shall be in meters.

Note

Normally, we keep --ranp-guess.ranp-length unset and let the geometry
computation do the rest.

Specific options:

--guess-ranps Forces NETCONVERT/NETGEN to guess whether ajunction
is controlled by atls or not. Optional, type:bool, default; false

- -ranp- guess. max- r anp- Defines the maximum speed an edge may have in order to be

speed <SPEED> aramp in m/s. The default of -1 tells NETCONVERT that all
edges may be potential ramps. Optional (pregiven), type:float,
default: -1

--ranp-guess. m n- Defines the minimum speed an edge may havein order to be a

hi ghway- speed <SPEED> highway in m/s. Optional (pregiven), type: float, default; 80/3.6

--ranp-guess. ranp-l ength Sets the length of the ramps to build in meters. Optional
<LENGTH> (pregiven), type:float, defaults: 100

These options may be used in conjunction with al import formats.

Examples. none yet

Converting from Geocoordinates

Most professiona networks are not stored using cartesian, but geo-coordinates. Since version 0.9.4
NETCONVERT isableto deal with such positions. NETCONVERT usesherefor the projectionlibrary
"PROJ.4". Thisisimportant for you asauser, because you may haveto describethe original projection
of your file and when doing this, you have to describe it using the options offered by PROJ.4. In order
to enable the reprojection use the option - - use- pr oj ect i on. You can then add parameter for the
projection using - - pr oj <STRI NG>. The default for the projection is "+proj=utm +ellps=bessel
+unitssm". That means, that NETCONVERT assumes the network to be encoded using "universal
traverse mercator” and the Bessel ellipsoid what resembles what is known as WGS84 (as far as we
have understood it). Please remark, that when giving own description, you should embed it into "* for
passing al the argumentsto PROJ.4.

Specific options:

--use-projection Enables reprojection of the network's coordinates. Optional,
type:bool, default: false

--proj <STRING Defines projection. Optional (pregiven), type:string, default:
"+proj=utm +ellps=bessal +unitssm"

These options may be used in conjunction with the following import formats:

Elmar & Elmar2
* ArcView

o Tiger

* Visum

« XML
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Caution

Thisisanew feature. Its usage and the way it works will surely change in the future.
Examples: none yet
Recent changes:

e The default for the proj-option changed in 0.9.7 from "+proj=utm +zone=33 +ellps=bessel
+unitssm" to "+proj=utm +ellps=bessel +units=m"

Inner-junction Traffic

If you already know SUMO or if you have taken a look at some of the examples you may have
noticed that vehicles used to "jump" over a junction instead of driving over them. This behaviour
was quite appropriate for simulating large scenarios as in these cases the simulation error could be
neglected (at least we have neglected it). Since version 0.10.0 SUMO will by default simulate traffic
over the junctions in a way you know it from reality. Because inserting inner lanes into a network
dramatically increases the network's size, you may want to return to the old behavior using the option
--no-internal -1inks.

Note

Please note that you also have to disable the usage of internal lanes within the simulation.
Specific Options:

( --no-internal-links) Disables building of junction-internal lanes. Optional, type: booal,
default: false

Examples:
Meanwhile al of the examplesincluded in the distribution have internal lanes.
Recent changes:

* Inner-junction traffic was made default for version 0.10.0.

Constraining the Input

NETCONVERT offers you some possibillities to constrain the read edges what is quite needful
if one has a large street network but only wants to simulate a part of it or only the major roads.
The first possibility to constrain the input is to name al the edges you want to keep. You can
either do this on the command line/within your configuration directly using - - keep- edges
<EDGE | D>[, <EDGE_| D>] + where each <EDGE_| D> represents the id of an edge you want
to keep or you can save this list into a file where each id is stored in a seperate line and then let
NETCONVERT read this file using - - keep- edges. i nput -fil e <FI LENAME>. In the case
you are joining edges using - - r enove- geonet ry (see "Removing Geometry Nodes"), you may
also be interested in the option - - keep- edges. post | oad which forcesNETCONVERT tojoin
the edges first and remove the unwished afterwards.

It is also possible to constrain the imported edges by giving a minimum velocity that is allowed
on an edge in order to include this edge into the generated network. Use - - edges- m n- speed
<M N_SPEED> for thiswhere <M N_SPEED> isthe minimum velocity an edge must allow in order
to be included in the output in m/s.

Specific options:

- - keep- edges Forces NETCONVERT to remove all edges not within the
<EDGE_I| D>[, <EDGE_I D>] + given list from the network. Optional, type:list of edge ids,
default: none
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--keep-edges.input-file ForcesNETCONVERT toreadthelist of edgeidsto keep from

<FI LENAVE> <FILENAME>. Optional, type:filename, default: none

- - keep- edges. post | oad Forces NETCONVERT to read al edges first and remove the
unwished after joining. Optional (pregiven), type: bool, default:
false

- - edges- m n- speed Forces NETCONVERT to remove all edges from the input

<M N_SPEED> which allow a velocity below the given. Optional, type:float,
default: none

Examples: none yet
Recent changes:

» Theedgefile generated using pl ai n- out put contains the information about the shape, the lane
spread and the basic type if differing from the defaults since version 0.9.5.
» Sinceversion 0.9.10, - - keep- edges uses',' asdivider.

Additional Output

NETCONVERT and NETGEN allow to generate additional output files beside writing the network
file. Wewill present the possibilitiesin the following subchapters.

Plain Network Output

Parsed node and edge definitions may be saved into a XML-files which have the same formats
as the ones used for importing XML-networks (as described in "Nodes Descriptions' and "Edges
Descriptions"). This shall ease processing of networks read from other formats than XML. The option
--pl ai n-out put <FI LENAME_PREFI X> forces NETCONVERT and NETGEN to generate a
filenamed "<FI LENAME_PREFI X>. nod. xm " which containsthe previously imported nodes and
afile named "<FI LENAME_PREFI X>. edg. xm " which contains the previously imported edges.
The edge file will contain the list of previously read edges and each edge will have the information
about the edge'sid, the allowed velocity, the number of lanes, and the from/to - nodes stored. Geometry
information is stored only if the imported edge has a shape, meaning that it is not only a straight
connection between the from/to-nodes. The lane spread type and the basic edge type are only saved if
differing from defaults ("right" and "normal”, respectively). Additionally, if one of the lanes prohibits/
allows vehicle classes, thisinformation is saved, too (see also "Defining alowed Vehicle Types").

Specific options:

- - pl ai n-out put Writes the files <PLAI N_OUTPUT_PREFI X>. nod. xni

<PLAI N_QUTPUT _PREFI X> and <PLAI N_QUTPUT_PREFI X>. edg. xm that contain
the descriptions about the nodes and the edges a network is
made of. These files may be reread into the netgener using
the XML-import capabilities. Optional, type:filename-prefix,
default: none

Examples: none yet
Recent changes:

e The edge file generated using - - pl ai n- out put contains the information about the shape, the
lane spread and the basic type if differing from the defaults since version 0.9.5.

Information about Geometry Removal

The option - - map- out put (or - M for short) generates a file which contains the information
about which edges have been joined (see chapter "Removing Geometry Nodes [#user_chp04-
further_options-turnarounds]").
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The format isalittle bit strange and should be reworked in the next time. At the begin of each line of
the generated file, you will find the id of an edge from the generated network. Then, divided by tabs,
you will find the list of edge ids together with the corresponding edges Iengths, the edge consists of .
Theid is divided from the length by a":'. This means if that an edge that was joined from the edges
'edgel’, 'edge?’, 'edge3’, each having the length 10, 20, and 30m, respectively, it would appear in the
file encoded as following:

edgel<TAB>edgel: 10<TAB>edge2: 20<TAB>edge3: 30

If the edge was not build by joining other edges, the list of edge ids/length will have only one value,
of course:

edge<TAB>edge: 100
Specific options:

( --map-output | -M) Writesthefile<MAP_OUTPUT _FI LE> which holdsthelist of
<MAP_QUTPUT_FI LE> edgesthat were joined to asingle edge for each edge. Optional,
type: filename, default: none

Examples: none yet

Node Geometries Dump and Printing Node Positions

The option - - node- geonet ry-dunp is meant to be used when debugging the geometry
computation. It generates a list of points of interest as readable by guisim (see chapter "Additional
Geometry Files") on the positions that were used to compute the imported nodes geometries. The
option"- - pri nt - node- posi ti ons" forcesNETCONVERT and NETGEN to print the positions
of the imported/build nodes on the command line.

Specific options:

- - node- geonet ry- dunp Writes the positions that were used during
<DUWVP_FI LENAME> geometry computation into <DUMP_FI LENAME>. Optional,
type: filename, default: none

--print-node-positions Prints the node positions during building. Optional (pregiven),
type:bool, default: false

Examples: none yet

Automatic Network Generation

NETGEN allows builds abstract networks. Three types of networks can be built. All of them are very
easy, but may be used as examples. You are also greatly invited to extend the concepts. Available
typesare: grid-networks, spider-networks and random-networks. Y ou always have to supply the name
of the network to generate using - - out put <FI LENAME> or - 0 <FI LENAME> for short and
the type of network you want to create. So, exactly one of the following switches must be supported:
--grid-net,--spider-net or--randonm net.

While the type-dependent options are described within the next chapters, al types share some
command line options. As all networks may possess junctions, you are able to set the default type of
junctionstobuild usingthe- - def aul t - j uncti on-t ype-option (or - j for short). Thefollowing
junction types are allowed in accordance to the junction types currently known by the simulation:
priority,traffic_light,actuated,agentbased.

Caution

traffic_light will be mapped to "static* within the generated network.

Further, you can specify the default street type by using the same options as in the netconvert-
application.
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Grid-like Networks

Y ou are able to describe how many junctionsin x- and in y-direction you want to be build and how far
from each other they should be. The parameter for the number of junctionsare- - gr i d- x- nunber
and- - gri d-y- nunber , the onesfor the distance between thejunctions- - gr i d- x- | engt h and
--grid-y-1 ength.If youwant to build networks which have the same values for both axes, use
--grid-nunber and--grid-Iength. The lengths are given in meters. It is possible to give
another option - - at t ach- | engt h, which adds streets of the given length at the boundary of the
grid such that all crossings have four streets (It is not yet possible to have different attach lengths for
x- and y-direction).

An example usage for building could be:

Figure 48. netgen --grid-net --grid-number=10 --grid-length=400
--output-file=MySUM OFile.net.xml

Another one;

Figure 4.9. netgen --grid-net --grid-x-number=20 --grid-y-number=5
--grid-y-length=40 --grid-x-length=200 --output-file=M ySUM OFile.net.xml

Spider-net-like Networks

Spider-net networks are defined by the number of axes dividing them (parameter - - spi der - ar m
nunber or - -arns, default is 13), the number of the circles they are made of (- - spi der -
circl e-nunber or--circl es, default is20) and the distance between thecircles (- - spi der -
space-rad or - - r adi us in meters, default is 100).
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Caution

As the number of edges within the middle of the spider net may be quite large, it is often
not possible to build atraffic light junction here. Due to this, this junction is always a right-
of-way-junction.

Optionally you can omit the central junction of the network by specifying - - spi der-omit -
center or--nocenter. Thisaso gives an easy way of generating a circle network. Using for
instance netgen --spider -net --spider-omit-center --output-file=MySUM OFile.net.xmlwill create
acircle consisting of 13 elements with aradius of 100m.

Two examples of usage:

Figure 4.10. netgen --spider -net --spider-arm-number=10
--spider -cir cle-number=10 --spider -space-rad=100
--output-file=MySUM OFile.net.xml

and:
Figure 4.11. netgen --spider -net --gpider-arm-number=4
--spider-circle-number=3 --spider -space-rad=100

--output-file=MySUM OFile.net.xml

N4
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Random Networks

The random network generator does just what his name says, it builds random networks... Several
settings may be changed:

e --rand-max-di st ance <FLQOAT>: the maximum edge length
e --rand-m n-di stance <FLQOAT>: the minimum edge length
e --rand-m n-angl e <FLQOAT>: the minimum angle between two edges
e --rand-numtries <FLOAT>:

e --rand-connectivity <FLOAT>:

e --rand-nei ghbor-di st1 <FLOAT>:

* --rand- nei ghbor - di st 2 <FLOAT>:

* --rand- nei ghbor - di st 3 <FLOAT>:

* --rand-nei ghbor-di st4 <FLQOAT>:

* --rand-nei ghbor-di st5 <FLOAT>:

* --rand-nei ghbor-di st 6 <FLOAT>:

An example:

Figure 4.12. netgen --random-net -0 MySUM OFile.net.xml
--rand-iterations=200 --abs-rand

Closing Thoughts (so far)

NETGEN allowsto create networksin avery comfortableway. For some small-sized tests of rerouting
strategies, tls-signals etc., this is probably the best solution to get a network one can run some
simulations at. The clear naming of the streets al so eases defining own routes.

Still, most examples within the data-section were written by hand for several reasons. At first, the
examplesare small enough and one may seethe effects better than when using NETGEN. Furthermore,
defining own networks using XML-data is more flexible. NETGEN is of course useless as soon as
you want to simulate the reality.

Our current state-of-the-art approach for building networks is the following:
1. Getaplain (notls, no link-2-link-connections, etc.) network from our NavTeq database

2. Importitusing NETCONVERT and writethelist of imported edges/nodes using the- - pl ai n-
out put option
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3. Build the network from the list of edges/nodes (normally setting the options - - guess- r anps
to true)

4. Load the network into GUISIM, try to determine where tls are located and which connections
between edges/lanes are false; A nice possibility to do this is to use Google Earth besides to
investigate how the network looksin reality

5. Addtype="traffic_light" attributeto those nodesin your plain file which were found
to be controlled by atls

6. Add lane-to-lane connectionsin a previously generated connections-file
7. Build the network from the modified edges/nodes/connection files
8. Continue with step 4. until the network is as it shoud be

A good ideais to let some vehicles run through the network while investigating it. This will show
possible bottleneck that arised from afalse modelling of the network.

When using real life networks, we really advice guessing on- and off-ramps The on- off-ramps are
guessed quite well, we can not state this for the tls, because we don't have made any comparisons
with redl life.

Recent Changes

The following list contains recent changes in the naming or meaning of options. It has been started
during thework onversion 0.9.2, so earlier changesare hot contained, herein. The changeslist contains
the version where the change occured or will occure. The changes should be valid for the next stable
relesse.

» Changesin version 0.9.2

e --xm -type-fil es wasnamed--type-fil einversionsearlier than 0.9.2; Reason: the
naming does not fit into the naming scheme of other XML-input files.

 versions earlier than 0.9.2 alow to use a filename for each of the .dbf and the .shp file using
"--arcvi ew dbf " and"- - ar cvi ew shp"; Reason: This was abondonned, because of the
need to use .shx-files, also.

e --speed-i n- knmh wasnamed - - speed- i n- kminversionsearlier than 0.9.2; Reason: false
physical measure
* Changesin version 0.9.3

 in versions earlier than 0.9.3, turnarounds were not added per default. Instead the option "- -
append- t ur nar ounds" hasforced NETCONVERT to add them; Reason: turnarounds semm
to be wished for the wider set of applications. Only sometimesit is unwished to add them.

* inversions earlier than 0.9.3, geometry nodes were removed by default. One could change this
behaviour using the "- - no- node- r enpval " option; Reason: the same as for "- - append-
t ur nar ounds"
e Changesinversion 0.9.4

e Thefuncti on-tag for edges was added for version 0.9.4
e Changesin version 0.9.5

e Thef uncti on-tag within edges was revalidated for version 0.9.5
e Thefuncti on-tag for edge types was added for version 0.9.5

» The edge file generated using pl ai n- out put contains the information about the shape, the
lane spread and the basic type if differing from the defaults since version 0.9.5.
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¢ Inner-junction traffic was revalidated for version 0.9.5

» The possibility to define which vehicle classes are allowed on alane was added in version 0.9.5
* Changesin version 0.9.6

« Described our current procedure of importing networks
e Changesin version 0.9.9

e Thef unct i on-tag within edges was removed in version 0.9.9

e Thefuncti on-tag for edge types was removed in version 0.9.9
Missing
There are some further options which were not yet described. Use at own risc.

--x-offset-to-apply, --y-offset-to-apply, --rotation-to-apply

- - keep- unregul at ed, - -keep-unregul at ed. nodes, - -keep-
unr egul at ed. di stri ct-nodes

- - guess-obscur e-ranps, --obscur e-ranps. add-r anp, --obscure-
ranps. m n- hi ghway- speed
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Chapter 5. Route Generation

Introduction

After having your network converted into the SUMO-format, you could take a look at it using the
gui-version of the simulation (see "Simulation-GUI"), but no cars would be driving around. Y ou still
need some kind of description about the vehicles. If you are importing data from other simulation
packages, they normally bring own route definitions you can use. In case of using ArcView or own
data or in other cases where you do not have the vehicle movements at all, you have to generate them
by your own. From now on we will use the following nomenclature: A trip is a vehicle movement
from one place to another defined by the starting edge (street), the destination edge, and the departure
time. A routeisan expanded trip, that means, that aroute definition contains not only the first and the
last edge, but all edges the vehicle will pass. There are several ways to generate routes for SUMO:

* using trip definitions

As described above, each trip consists at least of the starting and the ending edge and the departure
time (see Chapter "Using Trip Definitions [#user_chpO5-explicite-trips]").

* using flow definitions

Thisismostly the same approach as using trip definitions, but you may join several vehicles having
the same trips using this method (see Chapter "Using Flow Definitions [#user_chpO5-explicite-
flows]").

* using flow definitions and turning ratios

You may also leave out the destination edges for flows and use turning ratios at junctions instead
(see Chapter "Using the Junction Turning Ratio - Router [#user_chp05-own_routes-jtr]").

 using OD-matrices

OD-matrices have to be converted to trips first (see Chapter "Using OD2TRIPS [#user_chp05-
od2trips]™), then from trips to routes (see Chapter "Using Trip Definitions [#user_chp05-explicite-
trips]").

* by hand

You can of course generate route files by hand (see Chapter "Building Routes 'by Hand'
[#user_chp05-explicite-hand]").

* using random routes

Thisis fast way to fill the simulation with life, but definitely a very inaccurate one (see Chapter
"Generating random Routes [#user_chp05-own_routes-random]").

* by importing available routes (see Chapter "Importing Routes from other Simulations
[#user_chp05-import_routes]")

By now, the SUMO-package contains four applications for processing routes. DUAROUTER is
responsible for importing routes from other simulation packages and for computing routes using
the shortest-path algorithm by Dijkstra. JTRROUTER may be used if you want to model traffic
statistically, using flows and turning percentages at junctions. OD2TRIPS helps you to convert OD-
matrices (origin/destination-matrices) into trips. A new application, the DFROUTER was added to the
suite for version 0.9.5. Within the next chapters, at first the mandatory arguments are described, then
we will show how each of the possible methods of generating routes from scratch can be used. In the
following, importing routes and additional options are given followed by a small overview.
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Figure5.1. Building routes
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Common, mandatory Values

Independent to what you are doing, you always have to supply the network using the - - net -
file (or--net or-n for short) option when working with either DFROUTER, DUAROUTER,
JTRROUTER, or OD2TRIPS. Additionally, you should let the application know which time interval
shall be used. Route/trip/flow definitions will be imported within the interval given by the options
--begi n (-b) and - - end (- e). Definitions with departure time earlier than the one specified by
- - begi n or later than those specified by - - end will be discarded. If you do not give avalue for the
begin / end time step the defaults 0 and 86400 (one day) will be used, respectively.

Common options:

( --net-file | --net | - Thenetwork to route on. Mandatory, type:filename, default:
n ) <SUMO NET_FILE> none

( --begin | -b ) <TIMe> Definesthe begin time routes shall be generated (in seconds).
Default (pregiven), type:int, default: 0

( --end | -e ) <TIM=> Defines the end time routes shall be generated (in seconds).
Default (pregiven), type:int, default: 86400

Building Routes from Scratch

You have either the possibility to generate completely random routes or to exactly describe what
you want and pass this information to DUAROUTER or JTRROUTER, which then expand your

descriptions to routes. As result, a routes file is normally generated which you may use within your
simulation.
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Caution

You have to know that each route should consist of at least three edges! On the first, the
vehicle will be emitted. As soon as it reaches the begin of the last, it will be removed from
the network. So to see the vehicle running, you should at least have one edge in between!

Generating own, explicit Routes

There are three possibilities to describe own routes. The most trivial one is to do this by hand. The
first way to make more vehicletrips more automatically isthe usage of trip definitions, the second one
the usage of flow descriptions. Trip definitions describe the movement of a single vehicle giving the
departure time, and both the origin and the destination edges viatheir id. Flow descriptions use these
values too, but instead of describing only one vehicle, the description is used for a defined number
of vehicles to be emitted within a described interval. Due to this, instead of the departure time, the
period's begin and end times must be supplied and the number of vehicles to emit within thisinterval.

We will describe both data types less briefly, now.

Building Routes 'by Hand'

The most ssimple way to get own routes is to edit a routes file by hand, but only if the number of
different routes is not too high. Most of the routes within the examples were written by hand, in
fact. Before starting, you must know that a vehicle in SUMO consists of three parts. a vehicle type
which describes the vehicle's physical properties, aroute the vehicle shall take, and the vehicleitself.
Both routes and vehicle types can be shared by several vehicles. In this case, routes need a further
information. Assume you want to build a routes file "r out es. r ou. xri . Herein, you can define
avehicle type as following:

<r out es>
<vtype id="typel" accel ="0.8" decel ="4.5" sigma="0.5" |ength="5" maxspeed="7
</routes>

The values used above are the ones most of the examples use. They resemble a standard vehicle as
used within the Stefan Krauf3 thesis besides that the minimum gap between vehicles is not added to
the length. These values have the following meanings:

i d: A string holding the id of the vehicle type

» accel : The acceleration ahility of vehicles of thistype (in m/s*2)

» decel : The decderation ability of vehicles of thistype (in m/s*2)

e si gma: Thedriver imperfection (between 0 and 1)

e | engt h: Thevehicle length (in m)

e maxspeed: The vehicle's maximum velocity (in m/s)

» col or: An optional color of the vehicle type, encoded as three values between 0 and 1 for red,
green, and blue, divided by a',". Please remark that no spaces between the numbers are allowed.

Having this defined, you can build vehicles of type "typel". Let's do this for a vehicle with an
completely own route:

<r out es>
<vtype id="typel" accel ="0.8" decel ="4.5" sigma="0.5" |ength="5" nmaxspeed="7

<vehicle id="0" type="typel" depart="0" color="1,0,0">
<rout e edges="beg niddle end rend"/>
</ vehi cl e>

</ rout es>

Ok, now we have ared (color=1,0,0) vehicle of type "typel" named "0" which will start at time 0. The
vehicle will drive along the streets "beg", "middle", "end", and as soon as it has approached the edge
"rend" it will be removed from the simulation. Ok, let's review a vehicle's attributes:
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* i d: A string holding theid of the vehicle

» t ype: Thevehicletypeto usefor thisvehicle

depart : Thetime at which the vehicle shall be emitted into the net

» col or: Anoptional color of the vehicle, encoded as three values between 0 and 1 for red, green,
and blue, divided by a','. Please remark that no spaces between the numbers are allowed.

This vehicle has an own, internal route which is not shared with other vehicles. Y ou may aso define
two vehicles using the same route. In this case you have to "externalize" the route by giving it anid.
From SUMO 0.9.7 on it is no longer neccessary to tell SUMO that the route is shared by using the
mul ti _ref attribute, al routes defined outside of vehicles are shared. The vehicles using the route
refer it using the "r out e"-attribute. The complete change looks like this:

<r out es>
<vtype id="typel" accel ="0.8" decel ="4.5" sigma="0.5" |ength="5" maxspeed="7

<route id="route0" color="1,1,0" edges="beg mddle end rend"/>

<vehicle id="0" type="typel" route="route0" depart="0" color="1,0,0"/>
<vehicle id="1" type="typel" route="route0" depart="0" color="0,1,0"/>

</routes>
Y ou may have noticed, that the route itself also got a color definition, so the attributes of aroute are;

* i d: A string holding theid of the route

» edges: A space spearated list of edge ids forming the route (the old style of defining the edges
inside route brackets is considered deprecated)

» col or: Anoptional color of the vehicle, encoded as three values between 0 and 1 for red, green,
and blue, divided by a','. Please remark that no spaces between the numbers are allowed.

This knowledge should enable you to specify own route definitions by hand or using self-
written scripts. All routing modules are generating route files that match this routes and vehicles
specification.There are a few important things to consider when building your own routes:

 Routes have to be connected. At the moment the simulation does not raise an error if the next edge
of the current route is not a successor of the current edge. The car will simply stop at the end of
the current edge and will possibly be "teleported” to the next edge after awaiting time. Thisisvery
likely to change in future versions.

» Routes have to contain at least two edges. The simulation stops the car at the start of the last edge,
thusaroute consisting of asingle edgeisempty. Thisislikely to changein future versionsof SUMO.

» The starting edge has to be at least as long as the car starting on it. At the moment cars can only
start at a position which makes them fit on the road completely.

» Theroutefile hasto be sorted by starting times. Infact thisis only relevant, when you define alot of
routes or have large gaps between departure times. The simulation parameter - - r out e- st eps,
which defaultsto 200, definesthe size of the timeinterval with which the simulation loadsitsroutes.
That means by default at startup only route with departure time <200 are loaded, if al the vehicles
have departed, the routes up to departure time 400 are |oaded etc. pp. Thisworks only if the route
fileis sorted. This behaviour may be disabled by specifying - - r out e- st eps 0.

The first three conditions can be checked using <SUMO DI ST>/ t ool s/ r out echeck. py.
Route and vehicle type distributions

Instead of defining routes and vtypes explicitly SUMO can choose them at runtime from a given
distribution. In order to use this feature just define distributions as following:
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<r out es>
<vtypeDi stribution id="typedist1">
<vtype id="typel" accel ="0.8" dece
<vtype id="type2" accel ="1.8" dece
</vtypeDi stribution>
</routes>

.5" sigma="0.5" | ength="5" nmaxspeed
.5" sigma="0.5" |ength="15" maxspee

H D

<r out es>
<routeDistribution id="routedistl">
<route id="route0" color="1,1,0" edges="beg mddle end rend" probability=
<route id="routel" color="1,2,0" edges="beg niddl e end" probability="0.1"
</routeDistribution>
</routes>

A distribution has only an id as (mandatory) attribute and needs a probability attribute for each of its
child elements. The sum of the probability values needs not to be 1, they are scaled accordingly. At
the moment the id for the childs is mandatory, thisis likely to change in future versions.

Now you can use distribution just as you would use individual types and routes:

<r out es>
<vehicle id="0" type="typedi st1" route="routedistl" depart="0" color="1,0, 0"
</routes>

Using Trip Definitions

Trip  definitions that can be lad into the network may be supplied to
the router using an XML-file The syntax of a single trip definition is:
<tri pdef i d="<I D>" depart ="<TI M&>" from="<ORI G N_EDGE_| D>"
t 0=" <DESTI NATI ON_EDGE_| D>" [type="<VEH CLE_TYPE>"] [period="<I NT>"
repno="<INT>"] [col or="<COLOR>"]/>. You have to supply the edge the trip starts at
(origin), the edge the trip ends at (destination) and the departure time at least. If the typeis not given,
adefault ("SUMO_DEFAULT_TYPE") will be used and stored within the routes-file. If the attribute
per i od isgiven, not only one vehicle will use the route, but every n seconds (where n is the number
defined in period), a vehicle using this route will be emitted. The number of vehicles to emit using
this route may be additionally constrained using r epno.

Let'sreview atrip's parameter:

* i d: A string holding the id of the route (and vehicle)

» depart : Thetimetheroute starts at

 f r om The name of the edge the route starts at; the edge must be a part of the used network
 t 0: The name of an the edge the route ends at; the edge must be a part of the used network
 t ype: The name of the type the vehicle has (optional)

» peri od: Thetime after which another vehicle with the same route shall be emitted (optional)
e repno: The number of vehicles to emit which share the same route (optional)

» col or: Definesthe color of the vehicle and the route (optional)

Thisfileis supplied to DUAROUTER using theoption"- -t ri p- def s" or "-t ":

duarouter --trip-defs=<TRI P_DEFS> --net =<SUMD NET> \
--output-file=MySUMORout es. rou. xml -b <U NT> -e <Ul NT>

Specific options:
( --trip-defs | Tells DUAROUTER from what file trip definitions shall be

--trips | -t ) read. Optional, type:filename, default: none
<TRI P_DEFI NI TI ON_FI LE>
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Examples:

Almost all networks within the <SUMO DI ST>/ dat a/ - folder. Additionally some examples that
deal with trips may be found in <SUMO_DI ST>/ dat a/ exanpl es/ rout er.

e <SUMO DI ST>/ dat a/ exanpl es/router/tri ps2routes/ shows the basic usage of
trips; This exampleis quiet trivial - 100 same vehicles are emitted

* <SUMO DI ST>/ dat a/ exanpl es/router/tri ps2routes_repetition/ doesexactly
the same, but not by defining each of the 100 vehicles, but letting one vehicle be duplicated using
peri od andr epno

Using Flow Definitions

Flow  amounts share  most of the  parameter  with  trip  definitions.

The syntax is <flow i d="<I D>" from="<ORI G N_EDGE_| D>"
t o="<DESTI NATI ON_EDGE_| D>" begi n="<I NTERVAL_BEG N>"
end="<| NTERVAL_END>" no="<VEH CLES_TO EM T>"

[type="<VEH CLE TYPE>"] [col or="<COLOR>"]/>. Notice the following differences:
the vehicledoes not take a certain departure time as not only one vehicleisdescribed by this parameter,
but a set of, given within the attribute "no" (short for number). The departure times are spread
uniformly withinthetimeinterval described by <I NTERVAL _BEG N> and <I NTERVAL END>. All
these three attributes must be integer values. Thevalues"per i od" and"r epno" are not used herein.
Flow definitions can also be embedded into an interval tag. In this case one can (but does not have to)
leave the tags "begi n" and "end" out. So the following two snipples mean the same:

<flow id="0" fronm="edge0" to="edgel" begi n="0" end="3600" no="100"/>
and

<i nterval begi n="0" end="3600">
<flow id="0" from="edge0" to="edgel" no="100"/>
</interval >

Let'sreview flow parameter:

i d: A string holding the id of the flow; vehicles and routes will be named "<i d>_<RUNNI NG>"
where <RUNNI NG> is anumber starting at 0 and increased for each vehicle.

» f r om The name of the edge the routes start at; the edge must be a part of the used network

* t o: The name of an the edge the routes end at; the edge must be a part of the used network

 t ype: The name of the type the vehicle has

» begi n: The begin time for the described interval

» end: Theendtimefor theinterval; must be greater than <begi n>; vehicleswill be emitted between
<begi n>and <end>-1

* no: The number of vehicles that shall be emitted during thisinterval

» col or: Definesthe color of the vehicles and their routes (optional)

As we have to read in the flow definitions completely into the memory - something we do not have
to do necessarily with trips, an extra parameter (- f or - - f | ows) is used to make them known by
the router:

duarouter --fl ows=<FLOW DEFS> --net =<SUMO_NET> \
--output-file=MySUMORout es. rou. xm -b <U NT> -e <U NT>

Remind that you can not insert flow descriptions into a trip definitions file. The opposite (some trip
definitions within a flow descriptions file) is possible. Y ou also can give both files at the input file,
for example:

duarouter --fl ows=<FLOWDEFS> --trip-defs=<TRI P_DEFS> - - net =<SUMD NET> \
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--output-file=MySUMORout es. rou. xm -b <U NT> -e <Ul NT>
Specific options:
( --flowdefinition Tells DUAROUTER/JJTRROUTER from what file flow
| --flows | -f ) definitions shall beread. Optional, type: filename, default: none
<FLOW DEFI NI TI ON_FI LE>
Examples:
* <SUMO DI ST>/ dat a/ exanpl es/ rout er/ fl ows2r out es/ shows the basic usage of

flows;, This example generates 100 vehicles just like <SUMO DI ST>/ dat a/ exanpl es/
router/fl ows2routes/ butitusesflow definitionsinstead of trips for this.

e <SUMO DI ST>/ dat a/ exanpl es/router/fl ows2routes_100s_interval/ is
amost the same, but vehicles are departing over atime of 100s.
» <SUMO DI ST>/ dat a/ exanpl es/rout er/fl ows2routes_200s_i nterval/ is

amost the same, but vehicles are departing over atime of 200s.

» <SUMO DI ST>/ dat a/ exanpl es/ router/fl ows2routes_100s_i nterval _ext/
shows the second possibility of defining intervals in flow-definition.

Recent changes:

» There was a bug on using flow in prior versions; the end time step was also used making the
behaviour not as good predictable. This has been now changed so that the vehicles are emitted in
steps starting at <begi n> and ending at <end>-1.

Reason: The prior behaviour was not correct
« version 0.9.7: the option names for using flows have been consolidated.

Generating random Routes

Random routes are the easiest, but also the most inaccurate way to feed your network with vehicle
movements. Using the following call ro DUAROUTER:

duarout er --net=<SUMD NET> -R <FLQAT> --output-file=M/SUMORout es. rou. xm \
-b <U NT> -e <Ul NT>

or the same for the JTRROUTER:

jtrrouter --net=<SUMD NET> -R <FLOAT> --output-fil e=MySUMORout es. rou. xm \
-b <U NT> -e <Ul NT>

you will generate random routes for thetimeinterval givenby - b( egi n) and- e( nd) . Ineachtime
step asmany vehicleswill be emitted into the network asgiven by thevalueof - R(- - r andom per -
second). You can also supply values smaller than one. In this case, a single vehicle will be emitted
each 1/<- R> step. Example: - R 0. 25 generates a route description, which, when loaded, forces
the simulation to emit a single vehicle each fourth time step. It is also possible to use this parameter
in combination with other route definitions, for example supplying some fix routes and additionally
generate random routes.

Random routes are not the best way to generate routes. Take alook at the network displayed below.
This network has two rural and many minor roads. Random routes are by now spread all over the
network and each road is chosen to be the starting or the ending without respecting his function. Due
tothis, the network isfilled over with cars, coming from and approaching directions, the normal traffic
is not taking - the normal traffic would concentrate on rural roads.
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Figure 5.2. A network where the usage of random routes causes an improper
behaviour dueto the mixture of rural and minor roads
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Options:
( --random per-second ForcesDUAROUTER/JTRROUTER to generate random trips.

| -R ) <RANDOM VEHI CLES PHPrSECGINIthe given number of vehicles will be generated.
Optional, type:float, default: none

Using the Junction Turning Ratio - Router

The JTRROUTER is a routing applications which uses flows and turning percentages at junctions
as input. The following parameter must be supplied: the network to route the vehicles through,
the description of the turning ratios for the junctions (defaults may be used for this, too), and the
descriptions of the flows.

A call may look like this:

jtrrouter --flows=<FLOW DEFS> --turns=<TURN_DEFI NI TI ONS> - - net =<SUMO_NET> \
--output-file=MySUMORout es. rou. xml -b <U NT> -e <Ul NT>

To describe the turn definitions, one has to build a further file. Within thisfile, for each interval and
each edge the list of percentages to use a certain follower has to be given. An example:

<t urn-def s>
<i nterval begin="0" end="3600">
<fronedge i d="nyEdge0" >
<t oedge i d="nyEdgel" probability="0.2"/>
<t oedge i d="nyEdge2" probability="0.7"/>
<t oedge i d="nyEdge3" probability="0.1"/>
</ fromedge>

any other edges ...
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</interval >
some further intervals ...

</turn-defs>

The snippet defines that vehicles coming at the end of edge "myEdge0" within the time interval
between 0s and 3600s will choose the edge "myEdgel" with a probability of 20%, "myEdge2" with
a probability of 70% and "myEdge3" with a probability of 10%. Another possibility to save time
on preparing the description is to use default values. The parameter - -t urn-defaults (-T)
<TURN_DEFAUL TS> can be used to describe the default ratiosthat will be used for all junctionsfor al
timesteps. <TURN_DEFAULTS> isalist of doubles, separated by a','. To achieve the same behaviour
as in the example above, use - - t ur n- def aul t s=20, 70, 10. The values will be applied to an
edge's following edges beginning at the right edge (20%) and ending at the leftmost edge (10%). As
the number of possiblefollowerschangesfor different edges, the values are resampled for edgeswhich
number of following edges differs from the number of given turning probability defaults. Given - -

t ur n- def aul t s=20, 70, 10 avehicleusing an edgethat hastwo followerswould usethefollower
to the right with 55% probability, the one to the left with 45%.

The definitions of the flow is the same as for the DUAROUTER with just a single difference: asit
is not known where the vehicle will leave the network as the route it uses is randomly computed,
the destination parameter has no meaning for jtr-routing and so may be left off. A vehicle leaves the
network as soon as it comes to a sink edge. As not all networks have sink edges defined, one can
support alist of edgesto bedeclared assinksusing - - si nks <EDGE_| D>[, <EDGE_| D>] *. You
may also add your sink definitions to aturn-file (XML only):

<turn-def s>
sone further turning definitions as above ...

<si nk><EDGE_| D></ si nk>
further sink definitions ...

</turn-defs>

As theoretically a route may get infinitely long when a vehicle is forced to take always the same
direction, it is possible to limit the route's size using max- edges- f act or . Thisfactor, multiplied
with the number of the used network's edgesis the maximum number of edges aroute may have. With
the default of 2.0, aroute may contain twice as many edges as the network has. Any route longer than
this size will be marked as invalid. We assume that for each network this number has to be chosen

again.
The following options are accepted by JTRROUTER:

( --net-file | --net | - Uses the named network to route vehicles on. Mandatory,
n ) <SUMO NET> type:filename, default: none
( --output-file | -- Set <FI LENAME> as the filename to write computed routes

output | -o ) <FILENAME> into. Additionaly a file named "<FI LENAME>.dt" will be
generated which contains the route alternatives. Mandatory,
type: filename, default: none

(--begin | -b ) <INT> The first time step for which routes shall be build. Optional
(pregiven), type: int, default: O

(--end | -e ) <INT> Thelast time step (+1) for which routes shall be build. Optional
(pregiven), type: int, default: 86400

( --alternatives | -a) Forces JTRROUTER to use the previously generated
<ALTERNATI VES_FI LE> <ALTERNATI VES_FI LE> asinput. Optional, type: filename,
default: none
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Recent changes:

e Theattribute "pr obabi | i t y" within turn definitions was named "per ¢" in versions lower than
0.9.4 Thereason for thischangeisthat "pr obabi | i t y" ismore common throughout the package
and the values had to be in the range between 0 and 1, what is no percentage information at all.

* The possibility to define sinksin XML-turn-definitions was firstly described in version 0.9.7
 Default turn-percentages have to be divided using ', since version 0.9.7 (prior versions used ;")
» The possibility to use csv-files for turning ratios was removed for version 0.9.9

Examples:

Several examples may be found in <SUMD DI ST>/ dat a/ exanpl es/jtrrouter/.

Using OD2TRIPS

OD2TRIPS computes trips tables from O/D (origin/destination) matrices. OD2TRIPS assumes the
matrix / the matrices to be coded as amounts of vehicles that drive from one district to another within
a certain time period. Because the generated trips must start and end at edges, OD2TRIPS requires a
mapping of districts to edges. During conversion of VISUM networks with NETCONVERT districts
stored in the VISUM input file are parsed and stored within the generated SUMO network file. If
you do not use VISUM as input, you must build a districts file by your own. The format is given in
"Describing the Districts', one of the next subchapters. Y ou haveto passthefile containing the district
definitionsto OD2TRIPS using the- - net -fi | e (- - net or - n for short) option.

Because OD2TRIPS was used only to import data stored in VISUM/VISION/VISSIM formats, it
assumes O/D to be stored in one of the formats used by these applications. Not all VISUM/VISION/
VISSIM formats are supported, by now only two, namely the "V"- and the "O"-format. If you do not
own matrices stored in these formats, you still have three possihilities: a) convert them into one of the
supported formats, b) write your own reader for OD2TRIPS, or c) convert them into flow definitions
and then give them to DUAROUTER (see Chapter "Using Flow Definitions [#user_chp05-explicite-
flows]"). Both supported formats are described in "Describing the Matrix Cells’, one of the next
subchapters. Y ou may either give alist of matricesto OD2TRIPS using the- - od-fil es (--od or
- d for short) option followed by the list of files separated using a’,".

OD2TRIPS reads all matrices and generates trip definitions as described in "Using Trip Definitions'.
The generated trip definitions are numbered starting at zero. Y ou can also add a prefix to the generated
trip definition names using - - prefi x <STRI NG>. As usual, they are written to the output file
named using the - - out put - fi | e option (- - out put or - o for short). Y ou can specify avehicle
type to be added to the trip definitions using - - vt ype followed by the type name. Please remark
that vehicles will have no type unless not given in the O/D-matrices or defined using this option. If
atypeis spuulied, but you do not want to include it within the output, set the - - no- vt ype option.
The command line option overrides type names given in the O/D-matrices. The type itself will not be
generated. Vehicles will be generated for the time period between - - begi n (- b) and - - end (- €),
having 0 and 86400 as default values, respectively. The meaning is the simulation step in seconds,
as usual.

Because each O/D-matrix cell describes the amount of vehicles to be emitted within a certain time
period, OD2TRIPS has to compute the vehicle's explicite departure times. Normally, thisis done by
using a random time within the time interval a O/D-matrix cell describes. It still is possible to emit a
cell's vehicles with an uniform time between their emissions. Use the option - - spr ead. uni f orm
to enable this.

Y ou can scale the amounts stored in the O/D-matrices using the - - scal e option which assumes a
float as parameter. All read flows will be multiplied with this value, the default is 1. When importing
O/D-matrices that cover a whole day, you maybe want to apply a curve which resembles the spread
of the trip begins found in reality. Please read the subchapter " Splitting large matrices" on this.
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Figure5.3. Building trips from the OD-matrix

SUMO-network |

--net-file

[ OD-Matrix

--od-file

I

Trip computation
(sumo-od2trips)

--output-file

[ trip table / trip list ]

Specific options:

( --net-file | --net | -
n ) <Dl STRI CT_NAP>

( --od-files | --od | -d
) <OD_FI LE>[, <OD FI LE>] *

( --output-file | --

output | -o ) <FILENAMVE>
(--begin | -b ) <INT>
(--end | -e ) <INT>

( --scale | -s ) <FLOAT>
--vtype

<VEH CLE_TYPE_NAME>

--prefix
<VEH CLE_NAME_PREF| X>

--no-vtype

--spread. uni form

--tineline.day-in-hours

Tells OD2TRIPS to use the digricts stored in
<Dl STRI CT_MAP>. Mandatory, type: filename, default: none

Tells OD2TRIPS to use the given O/D matrices. Optional,
type: (list of) filename(s), default: none

Forces OD2TRIPS to write the generated vehicle trip
definitions into <FI LENAVE>. Mandatory, type: filename,
default: none

The first time step for which trip definitions shall be build.
Optional (pregiven), type: int, default: 0

The last time step +1 for which trip definitions shall be build.
Optional (pregiven), type: int, default: 86400

A vaue by which read flow amount shall be multiplied.
Optional (pregiven), type: float, default: 1

Adds a vehicle type to the trip definitions. Optional, type:
string, default: none

Adds a prefix to the vehicle names. Optional, type: string,
default: none

Forces OD2TRIPS not to write the vehicle type into the output.
Optional (pregiven), type: bool, default: false

Forces OD2TRIPS to spread the vehicle departure time
uniformly for each cell. Optional (pregiven), type: bool,
default: false

Says OD2TRIPSthat thetimelineisalist of amounts per hour.
Optional (pregiven), type: bool, default: false
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--timeline If --timeline.day-in-hours is set, the string should contain

<TI MELI NE_DEFI NI TI ON> 24 floating point values, divided by ';', each describing the
probability with which a vehicle is emitted into the network
during the according hour. Otherwise, the string should contain
alist of time/probability pairs, divided by ';', each describing
the begin time and the probability for the interval defined by
this and the next entry. Time and probability are divided by *,".
Optional, type: string, default: none

Examples: None yet.
Recent changes:
» Changesin0.9.5
* The whole application was rewritten for the 0.9.5. version. Most things still should work
as well with older versions, but the options - - vt ype, --prefi x, --tineline, and - -
ti mel i ne. day-in-hours were not available.
e Theusageof - -od-fil es and- - vi ssi mdiffersfrom prior versions.
e --o0d-fil eswasnamed--od-fileinversionspriorto 0.9.5.
» Changesin0.9.7

¢ The matrice names given in option - - od- f i | es should now be devided usinga",", nota";"

 Coloring trip definitions was removed. This made the - - no- col or option not needed which
was removed, too.

e Thetimeline entries must be split usinga"," instead of a";". In case of not using atimeline for
the whole day, the definition of time is separated using a":" from the probability (earlier: ",")

» Changesin0.9.9

e Theoption - - vi ssi misnot longer supported - the od-tables have to be given at the command
line

« Introduced - - no- vt ype which forces OD2TRIPSto not write vehicle typesinto the output file

Describing the Districts
A file containing a mapping from districts to edges |ooks as following:

<di stricts>
<district id="<D STRICT_| D>">
<dsource i d="<EDGE_| D>" wei ght =" <PROBABI LI TY_TO USE>"/ >
further source edges ...

<dsi nk id="<EDGE_| D>" wei ght =" <PROBABI LI TY_TO USE>"/ >
further destination edges ...
</district>
further districts ...
</districts>
Thismeansthat adistrictisdescribed by itsi d, beingasimplename, and listsof source and destination

edges. A district should have at | east one source and one destination edge, each described by itsi d and
use probability calledwei ght herein. These edges are used to emit and remove vehiclesinto/from the
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network respectively. The probability sums of each the source and the destination lists are normalized
after loading.

Describing the Matrix Cells

To understand how an O/D-matrix is stored, we should remind the meanings of the values stored
herein. Each matrix describes a certain time period. The indices within the matrix are names of the
origin/destination districts (normally they are equivalent, both lists are the same). The values stored
within the matrix are amounts of vehicles driving from the according origin district to the according
destination district within the described time period.

Theformats used by ptv are described in the VISUM-documentation moredetailed. All start withaline
wherethetype of the O/D-matrix isgiven, appended toa'$. Thefirst following character tellsinwhich
format the table is stored. Then, further characters follow which describe which values are supplied
additionally within the matrix. For further information we ask you to consult the documentation
supported by ptv. Herein, only the supported variants are described.

The V-format storesthe O/D matrix by giving the number of districtsfirst and then naming them. After
this, for each of the named districts, alist of vehicle amountsthat leave this district is given, sorted by
the destination district names as given in the district name list. An example may look like this:
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The'M' in the type name indicates that a vehicle typeis used, the"R" that the values shall be rounded
randomly. The second information is not processed by OD2TRIPS what means that you can parse
both V-, VR-, VMR, and VM-matrices. Please remark that both the names list and thelists containing
the amounts are written in a way that no more than 10 fields are stored in the same line. Each of the
entries they contain seem to be left-aligned to a boundary of 11 characters (possibly 10 for the name
and one space character). Both constraints are not mandatory for the importer used in OD2TRIPS.

The O-format instead simply lists each origin and each destination together with the amount in one
line (please remark that we currently ignore the string after the ;' that occures after the type identifier
"$OR" in the first line):

$OR; D2

FromTine To-Tine
.00 8.00

Fact or
.00

= ok~ ¥
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* sone
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Splitting large matrices

Since version 0.9.5 OD2TRIPS allows splitting matrices which define along time period into smaller
parts which contain definite percentages of the whole. There are two ways of defining the amountsthe
matrix shall be split into. The first possibility isto usethe option - - t i el i ne directly. Inthis case,
it should be followed by alist of times and probabilities, separated by ','. Each time and probability
field is made up of two values, an integer time being the simulation time in seconds and a floating
point number describing the probability. Thesetwo values are separated using a':'. At least two values
must be supplied making the definition of atimeline in this case being decribeable by the following
BNF-formula:

<TIME><AMOUNT>[,<TIME>:<AMOUNT>]+

In this case, the matrix will be split into (fields-1) parts and each part will have the amount described
by the integral within the field.

The second case is rather common in transportation science. It allows to split the matrix into 24
subparts - this means the number of fields is fixed to 24 - allowing to spread an O/D-matrix over a
day describing it by hours. To usethis, give additionally theoption- - t i el i ne. day-i n- hours
to OD2TRIPS. It the assumes the values from the - - t i nel i ne - option being a list of 24 floats,
divided by ';', each describing the probability of emitting a vehicle within the according hour.

In both cases, the probabilities are automatically normed.

Importing Routes from other Simulations
Importing VISSIM und VISUM-routes

See"Using OD2TRIPS" for information about how to import O/D-matrices in ptv format.

Dynamic User Assignment and Alternative
Routes

Dynamic Assignment is used to find out which routes the simulated driver realy would take. One
could assume that everyone istraing to use the fastest route. But what is the fastest route? Look at the
network shown in the next picture. It is abvious, that the fastest route is the one in the middle of the
network, even when considering the tls at the end of this road. But as soon as we insert many vehicles
into the network, all trying to use this route, the edge located at the center soon gets full and vehicles
need much more time than estimated to passit. In fact, they need longer to pass this edge than if they
would try to use one of the outer connections.
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Figure 54. Example DUA-networ k (from
"<SUMO_DIST>/data/examples/dua/dua3s*")

Within Christian Gawron's approach (see [Gawron1998_1] [http://sumo.sourceforge.net/docs/
bibliography.shtml#Gawron1998_1]), which we use, each driver hasalist of routes. At the beginning,
we build asingle route for each driver being the shortest route within an empty network - not knowing
how many vehicles will use this route. You may wonder that two files are built. The file you have
named as output file and a further file having the additional extension ".alt". Within this second file
route alternatives - the set of all routes the driver knows - are stored.

After having generated the routes, we let the simulation run forcing it to generate edge-based dumps
(seechapter 6, "Aggregated L ane/Edge States (Edge/L ane-Dumps) [http://sumo.sourceforge.net/docs/
gen/user_chp06.shtml#user_chp06-output-edgel anedump] ™). The router is In fact, edge-based dumps
are the better choice, because the route is not able to use lane-based dumps at all. Now, we have
the information about the state of the network, meaning the real speeds that were driven within it,
when al vehicles are using the same route. Now we can pass this information to a second call to
DUAROUTER and now - instead of the previousinput file - we give the route alternativesfile asinput
using the option - - al t er nat i ves (or - a for short). Now, DUAROUTER is capable to compute
the new shortest routes, based on the real speeds within our simulation. In order to avoid that again
all vehicles will use the currently shortest route only some of the drivers will get the new shortest
route. Again, two files are generated, a route file which contains the current routes and a new route
alternatives file. The entries within the new alternatives file stay the same for all those drivers who
keep their old route. Those who got anew route assigned, will get thisroute stored additionally to their
previous route within the file. Whether arouteis replaced by anew, better route is depending on how
much better the new route is and how fast a driver shall forget his old one. There are two parameters
determining this: - - gBet a and - - gA. Please see (see[ Gawron1998_1] [http://sumo.sourceforge.net/
docg/bibliography.shtml#Gawron1998_1]) for further information.
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Figure 5.5. Sketch showing the effects of Christian Gawron dua-approach on
route distribution within the network; blue color indicates that an edge is used
within the step, red showsjams

Still, asthe picture above shows, there may be other faster routes when again running the simulation,
so in order to get abalanced assignment, you have to iterate this process severa time.

Here, you may again find the procedure to generate a dynamic user assignment:

1
2.

5.

Generate the network (see chapter 4 [http://sumo.sourceforge.net/docs/gen/user_chp04.shtml])

Import your routes (see chapter 5, "Building own Routes from Scratch [#user_chp05-
own_routes]" or "Importing Routes from other Simulations [#user_chp05-import_routes]"),
generating aroutes file and an aternativesfile

Simulate using the network and the routes (see chapter 6 [http://sumo.sourceforge.net/
docs/gen/user_chp06.shtml]) forcing SUMO to write edge-based dumps (see chapter 6,
"Aggregated Lane/Edge States (Edge/Lane-Dumps) [http://sumo.sourceforge.net/docs/gen/
user_chp06.shtml#user_chp06-output-edgel anedump]™)

Compute new routes and alternatives using the previously generated alternatives and the edge-
based dumps generated within the last step

Continue with step 3 until the DUA is completed

How do we know when the dua is completed? In fact. we don't know any possibility to determine
this, yet. Within very large networks we are running mostly about 20 iterations, but thisisjust a hint.
One may say, that the dua is finished if there is no further change in the aggregated vehicles trip
duration. DUA isdefinitely still aresearch topic. If you areinterested in more details than you maybe
should take alook at "More On... Dynamic User Assignment [http://sumo.sourceforge.net/docs/gen/
sumo_moreon_dua.shtml]”.

Specific options:

( --alternatives | -a) Forces DUAROUTER to use the previously generated

<ALTERNATI VES_FI LE> <ALTERNATI VES FI LE> asinput. Optional, type:filename,
default: none
--gBeta <FLOAT> Defines Christian Gawron's beta. Optional (pregiven),

type: float, default: 0.3

--gA <FLQAT> Defines Christian Gawron's apha. Optional (pregiven),

type:float, defaults: 0.05
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Examples:

e <SUMO DI ST>/ dat a/ exanpl es/ dua/ due2s_si ngl est ep/ containsconfiguration files
for the first three steps of a dynamic user assignment in a network with two possible ways.

* <SUMO DI ST>/ dat a/ exanpl es/ dua/ due2s_automati c/ uses the same input as
<SUMO DI ST>/ dat a/ exanpl es/ dua/ due2s_si ngl est ep/, but the iterations are done
using a script.

* <SUMO DI ST>/ dat a/ exanpl es/ dua/ due3s_si ngl est ep/ contains configuration files
for the first three steps of a dynamic user assignment in a network with three possible ways.

e <SUMO DI ST>/ dat a/ exanpl es/ dua/ due3s_autonmati c/ uses the same input as
<SUMO DI ST>/ dat a/ exanpl es/ dua/ due3s_si ngl est ep/, but the iterations are done
using a script.

Automatic Iteration using 'dua-iterate.py'

"dua-iterate.py” helps you to perform the computation of a dynamic user assignment. The script
needs at least two parameter: the path to the folder where your SUMO-binaries are located and the
number of iteration steps to perform. When started with these two options, the script computes the
given number of dua-steps. At least two files have to be given as input the script: a SUMO-network
and a set of trip definitions.

Within each iteration step, the script generates a configuration file for the DUAROUTER and starts
DUAROUTER with this configuration file. Then, a configuration file for SUMO is built and SUMO
ist started. Both configuration files are competely defined within the script itself. As default, for each
time step, SUMO will generate three dump files with edge-dumps aggregated over 150, 300, and 900s,
an emissions and atrip information output. The names of these outputs are numbered over theiteration
steps. If you want to change the outputs, you also have to take alook into the script, but you should not
disable the edge-based dump for aggregation over 900s, because thisis read by the DUAROUTER in
the next iteration steps in order to compute the DUA.

Thisuseful script islocated in <SUMO DI ST>/t ool s/ assi gn/ .

For further optionsto the script look either at the source code or start it with the "--help" option.

Synopsis:
dua-iterate. py -n <PATH TO SUMO NET> -t <PATH TO TRI PS>

Additional Weights

From version 0.8.0.1 on, SUMO is capable to load additional weights for edges. The idea behind this
is to virtually increase the costs for an edge in order to make it less attractive to pass. Additional
weightsare used by DUAROUTER only and are supplied using the- - suppl enent ar y- wei ght s
<FI LE> (or--add <FILE>or-S <FI LE>) - option. A file containing additional weights looks
likethis:

<suppl enent ar y- wei ght s>
<i nterval begin="60" end="119">
<edge id="1fi" absol ute="42" factor="2.5" summand="-21"/>
<edge id="20" factor="13"/>

further weights ...

</interval >

<i nterval begin="120" end="179">
<edge id="1fi" absol ute="48" factor="2.5"/>
<edge id="20" summand="7"/>
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further weights ...
</interval >
further intervals ...

</ suppl enment ary- wei ght s>

When additional weights are supplied, the DUA-Router first looks whether an additional, absolute
value has been provide for the currently watched edge (value of the "absol ut e"-attribute for the
current edge and time). If so, thisvaluewill be used. If not, either the edge'sloaded weight (if available
for the current time step) or the default value (Iength/vallowed) will be changed first by applying the
loaded factor (value of the"f act or "-attribute for the current edge and time) and than by the loaded
addend (value of the "summand"-attribute for the current edge and time).

You can aso use GUISIM to generate an additional weights file using the interface which appears
when choosing "Edit->Edit Additional Weights...".

Recent Changes:

e Theformat has changed in version 0.9.6

Using Detectors and DFROUTER

Since version 0.9.5, the SUMO-package contains a further routing module named DFROUTER. The
idea behind this router is that nowadays, most highways are well equipped with induction loops,
measuring each of the highways' entering and leaving flows. Given this information one may assume
that the flows on the highway are completely known. DFROUTER uses directly the information
collected from induction loopsto rebuild the vehicle amounts and routes. Thisisdonein several steps,
being mainly:

1. Computing (and optionally saving) the detector types in the means that each induction is set to
be a source detector, a sink detector or an in-between detector

2. Computing (and optionally saving) the routes between the detectors
3. Computing the flow amounts between the detectors
4. Saving the flow amounts and further control structures

In the following we will describe the steps more deeply, giving the command line options that steer
the process.

Caution

Thisisanew application. Its usage and the way it works will surely change in the future.

Examples: none yet

Computing Detector Types

The idea behind the DFROUTER assumes that a network is completely covered by detectors,
meaning that all off- and on-ramps have an induction loop placed on them. Such an information
whether an induction loop is a pure source or sink or whether it is placed between such is
but not given initially. It must be computed. To do this, the DFROUTER needs the underlying
network as well as a list of detector definitions where each describes the position of an induction
loop. The network, being a previously build SUMO-network, is supplied to the DFROUTER as
usualy usingthe ( --net-file | --net | -n ) <SUMD NET_FILE> - option,

59



Route Generation

the list of induction loops using - - detector-files (or --detectors or -d for short)
<DETECTOR _FI LE>[ , <DETECTOR_FI LE>] +. A detector file should look as following:

<det ect or s>
<det ect or _definition id="<DETECTOR | D>" | ane="<LANE | D>" pos="<P0S>"/>
further detectors ...
</ det ect ors>

This means that each detector isinitially described using itsid, alaneit is placed on, and a position
on the lane. To be exact:

i d: A string holding the id of the detector

* | ane: Theid of the lane the detector lies on. Must be alane within the network.

» pos: The position on the lane the detector shall be laid on in meters. The position must be avalue
between -1*lan€e's length and the lan€e's length. In the case of a negative value, the position will be
computed backward from the lane's end (the position the vehicles drive towards).

Given a network and the list of detectors, DFROUTER assigns types to detectors and saves the so
extended list into afileif the option - - det ect or s- out put <DETECTOR _QUTPUT_FI LE> is
given. Thislist looks like the input described above except that an aditional attribute is given for each
detector, "t ype", which may have one of the following values. "sour ce", "si nk", "bet ween",
and "di scar ded". You can also generate a list of points of interests (POIs) which can be read by
GUISIM where each POI represents a detector and is colored by the detector type: green for source
detectors, red for sink detectors, blue for in-between detectors, and black for discarded detectors. To
force DFROUTER to do this, use - - det ect or s- poi - out put <PO _FI LENAVE>.

When wished, if for example other parameters chage, the extended <DETECTOR_QUTPUT _FI LE>
can be fed back again into DFROUTER instead of the previous <DETECTCOR _FI LE>. In this case
the detector types do not have to be computed again. To force DFROUTER to recompute the types
though, use- - r eval i dat e- det ect or s.

Specific options:

( --detector-files | - The list of descriptions of detectors to use. Mandatory,
-detectors | -d ) <DETECTQRéESilcBafnedeABCTGR: FI LE>] +

- - det ect or s- out put The file to write extended detector descriptions into. Optional,
<DETECTOR_OQUTPUT_FI LE> type: filename, default: none

- - det ect or s- poi - out put Writes a list of points of interest into <> where each poi
<PA _FI LENAME> represents a detector and is colored by the detector type.

Optional, type:filename, default: none

--reval i dat e-detectors Forces DFROUTER to recompute the detector types even if
they weregivenin<DETECTOR_FI LE>. Optional (pregiven),
type:bool, default: false

Computing Routes

Now that we do know where vehicles enter and where they leave the network, we may compute routes
for each of the pairs. The DFROUTER istold to build and save routes using - - r out es- out put

<ROUTE_QUTPUT_FI LE> where <ROUTE_CQUTPUT_FI LE> isthe name of the file the computed
routes shall be written to. The generated file only contains routes, no vehicle type definitions and
no vehicles. In later runs, you can omit the routes computation by supplying previously generated
routes using - - r out es-i nput (or - r) <ROUTE_FI LE>. Again, as during the computation of
the detector types, you can force DFROUTER to recompute the routes even if suppling them using
--reval i date-routes.

Normally, only routes starting at source detectors and ending at sink detectors are computed. Using the
option- - r out es-f or - al | you canforce DFROUTER to &l so build routesthat start at in-between
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detectors. The option - - al | - end- f ol | ower will make the routes not end at the edge the source
detector isplaced on, but on all edgesthat follow thisedge. - - keep- unf ound- ends will alsokeep
those routes where a sink detector could not be found for what may be the case if the network is not
completely covered with induction loops.

Specific options:

- -rout es- out put Names the file to save computed routes into. Optional,
<ROUTE_QUTPUT_FI LE> type:filename, default: none

( --routes-input | -r) Uses routes from <ROUTE_FI LE>. Omits route computation
<ROUTE_FI LE> unless --revalidate-routes is set. Optional,

type:filename, default: none

--reval i date-routes Forces DFROUTER to recompute routes even if some where
supplied. Optional (pregiven), type:bool, default: false

--routes-for-all Forces DFROUTER also to save routes starting at in-between
detectors. Optional (pregiven), type:bool, default: false

--all-end-foll ower Forces DFROUTER to end the routes at edges beyond the sink
detectors. Optional (pregiven), type:bool, default: false

- - keep- unf ound- ends Forces DFROUTER to keep routes which last detector was an
in-between detector. Optional (pregiven), type:bool, default:
false

Computing Flows

Thenext step isto use the computed routes and flow amounts from the real -world detectorsto compute
flowsacrossthe modelled network. Theflowsaregivento DFROUTER using - - det ect or - f | ow

files(or--detfl ows,-f forshort)<DETECTOR_FLOAS>[ , <DETECTOR_FLOWE>] +. They
are assumed to be stored in CSV-format using ;' as dividing character. The file should look as
following:

Det ect or; Ti me; gPKW gLKW vPKW vLKW
myDet 1; 0; 10; 2; 100; 80
further entries ...

This means the first time has to name the entries (columns). Their order is not of importance, but at
least the following columns must be included:

 Detector: A string holding the id of the detector this line describes; should be one of the ids used
in<DETECTOR_FILE>

» Time: Thetime period begin this entry describes

» gPKW: The number of passenger cars that drove over the detector within this time period

* gLKW: The number of transport vehiclesthat drove over the detector within thistime period

» VPKW: The average speed of passenger cars that drove over the detector within this time period
inkm/h

» VLKW: The average speed of transport vehiclesthat drove over the detector within thistime period
inkm/h

These are not quite the values to be found in induction loop output. We had to constrain the
<DETECTOR_FLOWS> files this way because DFROUTER is meant to read very many of such
definitions and to do this asfast as possible.

Because in some cases one reads detector flow definitions starting at a certain time but wants
his simulation begin at another, it is possible to add a time offset using - -ti ne- of f set
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<TI ME_OFFSET> which is subtracted from the read times. <T| ME_OFFSET> is meant to be an int
representing seconds.

Specific options:

( --detector-flowfiles  Describes the files to read detector flows from. Optional,
| --detflows | -f) <DETECTgp: fileftBe|defdDHET BATOR FLONS>] +

--tinme-of fset Gives a time offset to be subtracted from the times read from
<TlI ME_COFFSET> detector flows. Optional (pregiven), type:int, default: O

Recent changes
» Changesin version 0.9.6

¢ VPKW and vLKW should now be supplied in km/h, not in m/s
» Changesin version 0.9.x

e --fast-fl ows isnolonger existing

Saving Flows and other Values

If flow definitions were supplied, we can let the DFROUTER save the computed vehicles together
with their routes. Because vehicles will be emitted at the source detectors which are placed
at certain positions of the networks lanes, emitters (see "Emitter") are used to insert those
vehicles into the network. You can force the DFROUTER to generate such emitters using - -
em tters-output <EM TTER OUTPUT_FI LE>. This file will contain emitter declarations
for each of the source detectors. If no value is given, emitters will not be written. Accompanying,
there will be emitter definitions written named "eni tt er <DETECTOR | D>. def . xm " where
<DETECTOR_| D> istheid of the according source detector. These definitions are called within the
<EM TTER_QOUTPUT_FI LE> and contain vehicles which depart the emitter in accordance to the
read flows and have routes computed using the flows.

As some approaches use a speed limit to avoid open-end boundary problems, the DFROUTER can
generate a list of speed triggers (see "Variable Speed Signs (VSS)") placed on the positions of sink
detectors. The name to save the declaration of these speed triggers into is given using the option
--speed-trigger-out put <VSS _OUTPUT_FI LE>. The according speed trigger definitions
will be written into filesnamed "vss_<DETECTOR | D>. def . xm " where <DETECTOR_| D> is
the name of the according sink detector.

In order not to end vehicle routes on off-ramps, it is possible to place rerouters (see "Rerouter™)
at the positions of the sink detectors, too. Giving the option --end-rerout e- out put

<REROUTER_QUTPUT _FI LE> will generatealist of rerouter declarations. Please remark that in this
case, no rerouter definitions are written, because the DFROUTER has no further information about
possible routes beyond the area covered by the detectors.

It's quite nice to have the possibility to check whether the simulation does what one wants.
To validate whether the same flows are found within the simulation as within the reality, the
option - - val i dat i on- out put <SUMO DETECTORS_ QOUTPUT> may be helpful. It generates
a list of detector definitions (E1l/induction loops, see "E1-Detectors (Induction Loops)") placed
at the positions of sink and in-between detectors. Their output will be saved into files named
"val i dati on_det <DETECTOR | D>. xm " and should be easily comparable to the detector
flows previously fed to the router. The option - -val i dati on-out put. add- sour ces will
let DFROUTER also build E1-detectors for source detectors which are place 1m behind the real-life
detector's position.

--emtters-output Forces DFROUTER to write emitter declarations for source
<EM TTER _QUTPUT_FI LE> detectors into <EM TTER_QUTPUT_FI LE>. Additionally,
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emitter definitions are written. Optional, type:filename,
default: none

--speed-trigger-out put Forces DFROUTER to write speed trigger declarationsfor sink

<VSS_CQUTPUT_FI LE> detectors into <VSS_COUTPUT_FI LE>. Additionally, speed
trigger definitionsarewritten. Optional, type: filename, default:
none

- - end-rer out e- out put Forces DFROUTER to write rerouter declarations for

<REROUTER_OUTPUT_FI LE> sink detectorsinto <REROUTER_OUTPUT_FI LE>. Optional,
type:filename, default: none

--val i dati on- out put Forces DFROUTER to write validation detector

<SUMDO DETECTORS QUTPUT>  definitions for sink and in-betweed detectors into
<SUMO_DETECTORS_OQUTPUT>. Optional, type:filename,
default: none

--val i dati on-out put.add- Forces DFROUTER to include source detectors in the
sour ces validation detector output. Optional (pregiven), type:bool,
default: false

Closing Thoughts (so far)

If you are want to simulate small scenarios only, with afew vehicles, you probably should try to work
with routes where each vehicle is duplicated. This needs only a small amount of editing and lets you
fill the simulation fast. This has been done for most of the exampleswithin the example data. Trying to
generate own OD-matrices is not to be adviced, because handling of such is not really well supported
by the package. Using flows generated by hand may be a possibility, but for small scenarios, flows
seem more clumsy than routes.

In some cases, flows at each junction are counted and how many vehicles are driving in which
direction. Thisis exactly what JTRROUTER resembles.

Recent Changes

The following list contains recent changes in the naming or meaning of options. It has been started
during thework onversion 0.9.2, so earlier changesare not contained, herein. The changeslist contains
the version where the change occured or will occure. The changes should be valid for the next stable
release.

» Changesinversion 0.9.3

e There was a bug on using flow in prior versions; the end time step was also used making the
behaviour not as good predictable. This has been now changed so that the vehicles are emitted
in steps starting at <begi n> and ending at <end>-1.

* Typesgiven in trips were always replaced by "KRAUSS_DEFAULT". This has been patched.
Now the type you specify will be used and only if no type information was given,
"KRAUSS DEFAULT" will be used.

e Changesinversion 0.9.5

* OD2TRIPS was rewritten for the 0.9.5. version. Most things still should work as well with older
versions, but the options - - vt ype, --prefix, --tinmeline, and --ti nel i ne. day-
i n- hour s were not available.

e Theusageof - - od-fil es and- - vi ssi mwithin OD2TRIPS differs from prior versions.

e --0d-fil eswasnamed--od-fileinOD2TRIPSversions prior to 0.9.5.
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» Changesin version 0.9.6

e printProgress.pl isapart of the distribution since version 0.9.6.
Missing
- -l ane- wei ght s isnot tested and described
- - schene is not implemented and described
--max-al ternati ves isnot tested and described

- - prune- r andomis not tested and described

spread uniformly of DFROUTER is not described




Chapter 6. Performing the Simulation

Having the network description and the routes you have everything to perform asimulation. The fastest
way to get results - their different types will be described within the following sub-chapters - is to
use the SUMO - command line simulation. This command line tool does not generate any graphical
output as the SUMO-GUI does, but is much faster in execution.

To start a simulation, you have to supply the following information:
» Thefilethat contains the network

Usethe--net-file (or--net or-n)<Fl LE> option to pass the simulation the name of the
network to use. The network must be one build using NETCONVERT or NETGEN.

* Theroutesto use

Usethe--route-files(or--routesor-r)<Fl LE>[, <FI LE>] * optionto specify which
files shall be used to read routes from. In this case, the name is not ambigous - multiple files can
be used.

» The simulation time the simulation begins at

This is the first time step the simulation has to perform. Be aware, that this time should fit to the
time your routes start. Passit to SUMO using - - begi n (or - b) <I NT> where <I NT> isthetime
step in seconds.

* The simulation time the simulation ends at

Thisisthe last step of the simulation. When this time step is reached, the simulation will end. Pass
itto SUMO using - - end (or - ) <I NT> where <I NT> is the time step in seconds.

All these values must be given in order to perform a simulation. Still, no output is generated.
Generating output is described in the next chapter. Besides this, there are also some other additional
structureswhich may be applied to the simulation scenario and of coursethere are some more questions
to answer about inserting vehiclesinto the net.

Output Generation

Due to its scientific purpose, SUMO tasks lie beyond simple visualisation of traffic. The results
of a simulation must be available and one must be able to process them. In the next subchapters,
possibilities to generate output are described.

Detectors

One possibility to generate output is to use so called "detectors'. Y ou will find detectors one knows
from the real world such asinduction loops but also some virtual ones. Basically, the main distinction
between detector types SUMO offers is their dimension. The next list shows all available detector
types. Their type names "E*" have their origin in the German word "Erfassungsbereich” meaning
"detection ared’".

» E1: Induction loops

Induction loops have a position only and no areal dimensions. They are meant to be a slice plane
through a single lane and measure only the vehicles passing them.

* E2: Aredl, lane-based detectors
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These detectorsdescribe apart of alaneor aternatively apart of the network made up of consecutive
lanes (a begin lane and his predecessors). The measured values are derived from the movements
over thewhole part of the network the detector islying at.

» ES3: Multi-Origin/Multi-Destination detectors

E3-detectors measure vehicles passing a set of entry and an according set of exit points. Each of
these pointsis a position on alane. Measured are values that may be derived from the movements
of vehicles between any of the entry and any of the exit points.

In addition to this, SUMO offers further detectors, which are not bound to certain places within the
network.

» VTypeProbe: Dumps vehicle states for a given vehicle type

VTypeProbes write information about all vehicles of a certain, defined type every n seconds. The
vehicles speed and position is written, where position is encoded as the current lane and position
on this lane, cartesian x- and y-coordinate, and, if the network contains a projection, as lat-/lon-
coordinates.

To supply the definitions of these structures to the simulation, we use an additional file and pass it
to SUMO or GUISIM using the - - addi ti onal -fil es (- a) - option. Each of these files may
contain all the definitions about additional structures such as detectors, emitters, etc., in random order.

Caution

Please note that al output have not yet been verified for sub second simulation.

E1l-Detectors (Induction Loops)

An induction loop is defined this way within an additional file:

<el-detector id="<ID>" |ane="<LANE | D>" pos="<POSI TI ON_ON LANE>"
fr eq="<AGGREGATI ON_TI ME>" fil e="<OQUTPUT FILE>" [friendly_pos="x"]/>

The"i d" isany string by which you can name the detector. Theattributes"l ane" and"pos" describe
on which lane and at which position on this lane the detector shall lay. The"f r eq"-attribute describes
the period over which collected values shalle be aggregated. The"f i | e" attribute tellsthe simulation
to which file the detector shall write his resultsinto. Thefile will be generated, does not have to exist
earlier and will be overwritten if existing without any warning. The folder the output file shall be
generated in must exist.

The attributes:

i d: A string holding theid of the detector

| ane: Theid of the lane the detector shall be laid on. The lane must be a part of the network used.

e pos: The position on the lane the detector shall be laid on in meters. The position must be avalue
between -1*lan€e's length and the lan€e's length. In the case of a negative value, the position will be
computed backward from the lane's end (the position the vehicles drive towards).

» freq: The aggregation period the values the detector collects shall be summed up.

fi | e: The path to the output file. The path may be relative.

friendl y_pos: If sat, no error will be reported if the detector is placed behind the lane. Instead,

the detector will be placed 0.1 meters from the lane's end or at position 0.1, if the position was

negative and larger than the lane's length after multiplication with -1.

A singledatalinewithin the output of asimulated el-detector looksasfollowing (thelineisnot broken
within the output):
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<i nterval begi n="<BEG N_TI ME>" end="<END TI ME>" i d="<DETECTOR_| D>" \
nVehCont ri b="<MEASURED VEHI CLES>" f| ow="<FLOW" \
occupancy="<OCCUPANCY>" speed="<MEAN SPEED>" | engt h="<NMEAN LENGTH>" \
nVehEnt er ed=" <ENTERED VEHI CLES>"/ >

The values are described in the following table.

Table 6.1. Definition of values generated by el-detectors

Name Measure Description

begi n (simul ati on) seconds |The first time step the values
were collected in

end (simul ation) seconds |The last time step the values
were collected in (may be equal
to begin)

id - Theid of the detector (needed if
several detectors share an output
file)

nVehContrib #vehi cl es The number of vehiclesthat have

completely passed the detector
within the interval

fl ow vehi cl es/ hour The number of contributing
vehicles extrpolated to an hour

occupancy % The percentage (0-100%) of
the time a vehicle was at the
detector.

speed ns The mean velocity of all
completely collected vehicles.

| ength m The mean length of all
completely collected vehicles.

nVehEnt er ed #vehi cl es All vehicles that have touched

the detector. Includes vehicles
which have not passed the
vehicle completely (and which
do not contribute to collected
values).

Recent changes:

» Theattribute"fri endl y_pos" isavailable since version 0.9.4.

» Asdetectors have been reworked for version 0.9.8, some used measures may have changed. Please
consult the table above.

» Sinceversion 0.9.8, the attribute "st yI e" is marked as deprecated, awarning is generated

» Using element name "det ect or " together with at ype is marked as deprecated since version
0.9.8, awarning is generated

» Theusage of attribute"f ri endl y_pos" was reworked for version 0.9.8

E2-Detectors (Areal, lane-based Detectors)
An e2-detector is defined the following way within an additional file:
<e2-detector id="<ID>" |ane="<LANE |D>" pos="<PQOSI TI ON_ON_LANE>"

| engt h="<DETECTOR_LENGTH>" freq="<AGGREGATI ON_TI NE>"
file="<OUTPUT_FILE>" [time_treshol d="<FLOAT>"]
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[ speed_treshol d="<FLOAT>"] [jam treshol d="<FLOAT>"] [friendly_pos="x"]/>

Most of the attributes have the same meaning as for induction loops. As an areal detector hasacertain
length, "l engt h" must be supplied as a further parameter. It may be a negative number which lets
the detector be extended upstream to the given beginning position. The optional parameter "cont "
let'sthe detector continue over the current lane onto this lane's predecessors when the detector'slength
plus his position is larger than the place available on the lane.

Caution

For detectors that span over more than a single edge, only the attribute
QUEUE_LENGTH_AHEAD_OF TRAFFIC_LIGHTS IN_VEHICLESisdefined all other
may return strange values.

Again, the explicit list of available attributes:

* i d: A string holding theid of the detector

» | ane: Theid of the lane the detector shall be laid on. The lane must be a part of the network used.
» pos: The position on the lane the detector shall be laid on in meters. See information about the
same attribute within the detector loop description for further information.

| engt h: The length of the detector in meters. If the detector grows over the lane's end (beginin
fact), itiseither cut off at thelane'slengthif the"cont "-attributeisfal se or not given or iscontinued
on the predeceding lanes in the case the "cont "-attributeis set to true.

» freq: The aggregation period the values the detector collects shall be summed up.

fi | e: The path to the output file. The path may be relative.

And the optional ones:

» cont : Holdsthe information whether detectors longer than alane shall be cut off or continued (set
it to true for the second case) default: false (detector lies on one lane only).

e time_treshol d: The time-based threshold that describes how much time has to pass until a
vehicleisrecognized as halting (in s, default: 1s).

» speed_treshol d: The speed-based threshold that describes how slow a vehicle hasto be to be
recognized as halting (in m/s, default: 5/3.6m/s).

e j am_ treshol d: The minimum distance to the next standing vehicle in order to make thisvehicle
count as a participant to the jam (in m, default: 10m).

» friendly_pos:If sat, noerror will be reported if the detector is placed behind the lane. Instead,
the detector will be placed 0.1 meters from the lan€e's end or at position 0.1, if the position was
negative and larger than the lane's length after multiplication with -1.

A singledatalinewithin the output of asimulated e2-detector looks asfollowing (thelineisnot broken
within the output):

<i nterval begi n="<BEG N_TI ME>" end="<END_TI ME>" i d="<DETECTOR_ | D>" \
nSanpl es="<DATA SAMPLES>" neanSpeed="<MEAN SPEED>" \
meanCccupancy="<MEAN_OCCUPANCY>" maxCccupancy="<MAX_ OCCUPANCY>" \
nmeanMaxJanlengt hl nVehi cl es="<VAL>" neanMaxJaniengt hl nMet er s="<VAL>" \
maxJanbLengt hl nVehi cl es="<VAL>" naxJaniengt hl nMet er s="<VAL>" \
j amLengt hl nVehi cl esSum=" <VAL>" j anlLengt hl nMet er sSune" <VAL>" \
nmeanHal ti ngDur ati on="<VAL>" nmaxHal ti ngDur ati on="<VAL>" hal ti ngDurati onSunm="<
nmeanl nt er val Hal ti ngDur ati on="<VAL>" naxl nterval Hal ti ngDur ati on="<VAL>"
i nterval Hal ti ngDur ati onSum="<VAL>" startedHal t s="<VAL>" \
nmeanVehi cl eNunber =" <VAL>" maxVehi cl eNunber =" <VAL>" [>

To explain this vast amount of measures, a short note about how an e2-detector worksis needfull. An
e2-detector takes note about each vehicle that enters the area. Aslong as the vehicle does not leave
the area completely, its state is collected in each time step during the interval. Each vehicle state in
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this caseis called a "data sample" and the output of an e2-detector is made up from all data samples
of al vehicles within the are during the compl ete data collection ("f r eq") interval.

As an e2-detector covers a lane and vehicles are sorted on these, it is possible to recognize jams
along the detector's area and measure them. Because more than one jam may take place at the area
at one time, the values cover as well averaged measures of al jams ("j anLengt hi n. .. Sunt)
as explicite measures of the longest (maximum) jam. For the longest jam, both averaged
("meanMaxJaniengt hi n. .. ") and maximum (“maxJaniengt hl n. . . ") values are written.

Note

The jam length in meters may be more than a sum of the vehicles lengths, because the place
between vehicle is also taken into account.

Besides jam computation, the durations vehicles are halting are collected. They
are both collected over the whole time span a vehicle is on the detector area
("...HaltingDuration" and "hal ti ngDur ati onSunt’), and explicite for each interval
("...Interval Hal ti ngDuration"and"i nterval Hal ti ngDur ati onSunt).

The values are described in the following table.
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The number of data samples
that could be collected. A "data
sample’ means the state of a
vehicle that was on the detector

Table 6.2. Definition of values generated by e2-detec

arearduringoneof thesimutation
steps of theinterval described by
[ higdataline.

nmeanSpeed n's

The mean velocity over al
collected data samples.

meanCccupancy %

The percentage (0-100%) of
the detector's place that was
occupied by vehicles, summed
up for each time step and
averaged by the interval
duration.

maxCccupancy %

The maximum percentage (O-
100%) of the detector's place that
was occupied by vehicles during
theinterval.

meanMaxJanlengt hl nVehi gtveshi cl es

The length of the longest
jams recognized during each
step, averaged over the interval
duration. In vehicles that have
contributed to these jams.

meanMaxJamiengt hl nMet ejms

As prior, but in meters (see
notes)

maxJaniengt hl nVehi cl es|#vehi cl es

The length of the longest jam
recognized during the interval
duration. In vehicles that have
contributed to this jams.

maxJaniengt hl nMeters |m

As prior, but in meters (see
notes)

j anLengt hl nVehi cl esSum#vehi cl es

Thesum of al lengths of al jams
recognized duringtheinterval. In
vehicles that have contributed to
these jams.

j amLengt hl nMet ersSum |m

As prior, but in meters (see
notes)

meanHal t i ngDur ati on S

The mean halting duration of
vehiclesthat entered the areaand
are till inside.

maxHal ti ngDur ati on S The maximum halting duration
of vehicles that entered the area
and are still inside.

hal ti ngDur ati onSum s The sum of all halting durations

of vehicles that entered the area
and are till inside.

meanl nt er val Hal ti ngDur @t i on

The mean halting duration of
vehiclesthat entered theareaand
are till inside, counted from the
interval's begin.

max| nt er val Hal t i ngDur ats on

The maximum halting duration
of vehicles that entered the area
and are still inside, counted from
the interval's begin.

i nterval Hal ti ngDur ati ofsSum

Recent changes:

The sum of all halting durations
of vehicles that entered the area
and are till inside, counted from
the interval's begin.

startedHal ts #

The number of strated halts.
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» Asdetectors have been reworked for version 0.9.8, some used measures may have changed. Please
consult the table above.

» Sinceversion 0.9.8, the attribute "st y| e" is marked as deprecated, awarning is generated.

» Using element name "det ect or " together with at ype is marked as deprecated since version
0.9.8, awarning is generated.

» The parameter "measur es" isno longer supported since version 0.9.8, the detector writes aways
al values. A warning is generated.

» The parameter "keep_for" isno longer supported since version 0.9.8, awarning is generated.

» E2-detectors coupled to traffic lights are now described in "Coupled E2-Output [#user_chp06-
output-tls-e2]".

» Theusage of attribute"f ri endl y_pos" was reworked for version 0.9.8

E3-Detectors (Multi-Origin/Multi-Destination Detectors)

The descriptions of E3-detectors have to include the set of entry- and the set of exit-cross-sections.
Dueto this, it is not possible to use a single tag to specify a detector. Instead, the description consists
of the following parts:

1. A beginning tag that describes some global attributes of the detector just as the descriptions of
el- and e2-detectors do. The format is:

<e3-detector id="<ID>" file="<OUTPUT_FILE>" freq="<AGGREGATI ON_TI Me>"
[tinme_treshol d="<FLOAT>"] [speed_treshol d="<FLOAT>"]>

As one can see, no information about the detector's position is stored herein. They are stored in
embedded tagsinstead (2. and 3.)

2. A set of tags that describe the detector's entry pointsin the form:
<det _entry | ane="<LANE_|I D>" pos="<POSI TI ON_ON LANE>" [friendly_pos="x"]/>
3. A set of tags that describe the detector's exit pointsin the form:
<det _exit |ane="<LANE_| D>" pos="<POSI TION ON LANE>" [friendly pos="x"]/>
4. A closing tag that must match the opening tag (1.):
</ e3-detector>
The definition
<e3-detector id="e3_ 1" freg="300" file="./output/e3_1.xm">
<det _entry | ane="nyEdge0_0" pos="0"/>
<det _entry | ane="nyEdge0_1" pos="0"/>
<det _exit |ane="nmyEdge2 0" pos="0"/>
<det _exit |ane="nyEdge2_ 1" pos="0"/>

</ e3-det ect or>

will build an e3-detector starting at either lane 0 or 1 of the edge called "myEdge0" and end at the
same lane of "myEdge2". All values will be computed as the default-value for measuresis used and
aggregated over atime of 300s. They will be written into the file"e3_1. xm" lying in the subfolder
of the folder the configuration was read in/the program has been started within.

A singledatalinewithin the output of asimulated e3-detector looksasfollowing (thelineisnot broken
within the output):

<i nterval begi n="<BEG N_TI Me>" end="<END_TI VE>" id="<ID>" \
nmeanTravel Ti me="<MEAN _TT>" meanSpeed="<MEAN SPEED>" \
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neanHal t sPer Vehi cl e="<MEAN_HALT_NUMBER>" vehi cl eSunm=" <#VEHI CLES>" \
nmeanSpeedW t hi n="<MEAN_SPEED>" neanHal t sPer Vehi cl eWt hi n="<MEAN_HALT_NUVMBER>
nmeanDur at i onW t hi n="<MEAN_HALT_DURATI ON>" vehi cl eSumW t hi n=" <#VEHI CLES>" \
nmeanl nt er val SpeedW t hi n="<MEAN_SPEED>" \

nmeanl nt er val Hal t sPer Vehi cl eWt hi n="<MEAN_HALT_ NUMBER>" \

neanl nt er val Dur at i onW t hi n="<MEAN_HALT_ DURATI ON>"/ >

As for e2-detectors, the measures generated by e3-detectors may be grouped by the way they are
computed. The plain measures take only those vehicles into account that have left the detector area
within the described interval. Additionally, measures of the vehicles that are still inside the area
are generated (postfix "W t hi n"), containing both measures valid for the whole ride through the
area and measures made up of only those samples that were collected within the current interval
("...Interval..."). Thevaueare described one by onein the following table.
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Name easur ' . Description
Pe I}/(I)rmlng%hp Simulation P
begin (sinutation)—seconds—The first-time—step—the—vatues

were collected in

Eable 6.3. Definition of val

ues gengr ateg byeedttatec

[DRS last time step the vaues
were collected in (may be equal
to begin)

Theid of the detector (needed if
severa detectors share an output
file)

meanTr avel Ti ne

The time vehicles needed to
pass the area. Averaged over
al vehicles that have left the
detector during the interval
duration.

meanSpeed

The mean speed of vehicles that
have passed the area. Averaged
over theinterval and vehicles.

neanHal t sPer Vehi cl e

#

The number of halts of vehicles
that have passed the area
Averaged over al vehicles that
have left the detector during the
interval duration.

vehi cl eSum

The number of vehiclesthat have
|eft the area during the interval.

meanSpeedW't hi n

ms

The mean speed of those
vehicles that have entered, but
not yet left the area. Averaged
over thetime each vehiclewasin
the area and vehicles.

meanHal t sPer Vehi cl eW't

H n

The mean number of haltings
of those vehicles that have
entered, but not yet left the
area. Averaged over the time
each vehicle was in the area and
vehicles.

neanDur ati onWthin

The mean duration is within
the area of those vehicles that
have entered, but not yet left
the area. Averaged over thetime
each vehicle was in the area and
vehicles.

vehi cl eSumN t hi n

Thenumber of vehiclesthat have
entered but not yet left the area.

meanl nt er val SpeedW't hi

mi's

The mean speed of those
vehicles that have entered, but
not yet left the area, collected
during the written interval.
Averaged over the interval and
vehicles.

nmeanl nt er val Hal t sPer Ve

H cl eWthin

The number of vehicles that
have left the area during the
interval, collected during the
written interval. Averaged over
the interval and vehicles.

neanl nt er val Dur ati onW

Recent changes:

tshi n

The number of vehicles that
have left the area during the
interval, collected during the
written interval. Averaged over
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» Asdetectors have been reworked for version 0.9.8, some used measures may have changed. Please
consult the table above.

» Using element name "det ect or " together with at ype is marked as deprecated since version
0.9.8, awarning is generated

» The parameter "measur es" isno longer supported since version 0.9.8, the detector writes always
al values. A warning is generated.

» The parameter "keep_for" isno longer supported since version 0.9.8, awarning is generated.
e Theusage of attribute"f ri endl y_pos" wasreworked for version 0.9.8

VTypeProbes

A vtypeprobe is defined the following way:

<vtypeprobe id="<ID>" [ type="<VEH CLE_TYPE>" ] freq="<OUTPUT_FREQUENCY>"
file="<OUTPUT_FI LE>"/ >

t y pe namesthe vehicletypeto observe. Only thevalues of vehiclesof thistypewill bewritteninto the
output. If t ype isempty, theinformation about all vehicles are included. In contrary to the detectors
described above, the values are not aggregated. This means that f r equency does not describe an
aggregation interval but the frequency with which the values shall be collected and written.

Again, the explicit list of available attributes:

i d: A string holding the id of the detector

* t ype: Thetype the vehicles must be of in order to be reported.
» freq: Thefreguency with which information shall be written.
« fil e: The path to the output file. The path may be relative.

The output is devided into timestep-sections:

<tinmestep time="<COLLECTI ON_TI ME>" id="<DETECTOR | D>" vtype="<OBSERVED TYPE
<vehicle i d="<VEH CLE_I D>" | ane="<LANE_| D>" pos="<PQSI TI ON_ON_LANE>" \
x="<X- COORDI NATE>" y="<Y- COORDI NATE>" \
| at =" <LAT- COORDI NATE>" | on="<LON- COORDI NATE>" \
speed="<VEH CLE_SPEED>"/ >
further vehicles ...
</tinestep>
further time steps ...

The values are described in the following table.
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Table 6.4. Definition of values generated by e2-detectors

Name Measure Description

time (sinulation) seconds |The time the vaues were
collected at

timestep@d - Theid of the detector

vtype - The id of the vytpe observed by
this detector

vehicle@d - Theid of the described vehicle

| ane - Theid of thelanethe vehiclewas
on.

pos m The position of the vehicle on
| ane

X m The x-position of the vehicle
within the net

y m The y-position of the vehicle
within the net

| at ar cseconds The lat-position of the vehicle
within the net

| on ar cseconds The lon-position of the vehicle
within the net

speed ns The speed of the vehicle within
the time step.

Recent changes:

* Integrated in version 0.9.9.

Network State Dump

In the hope that every user wants to know different things and is able to write a tool that parses
this information from a not aggregated output, the network dump was the first output capability
weve implemented. To force SUMO to build a file that contains the network dump, extend
your command line (or configuration) parameter by - - net st at e- dunp (or - - ndunp or - -
net st at e) <Fl LE>. <FI LE> ishereby the name of thefile the output will be written to. Any other
file with this name will be overwritten, the destination folder must exist.

The network dump is a xmi-file containing for each time step every edge of the network with every
lane of this edge with all vehicles on this lane. For each vehicle, his name, speed and position on his
lane are written. A network dump-file looks like this:

<suno- net st at e>
<tinestep time="<TI ME_STEP>">
<edge i d="<EDGE_| D>">
<l ane id="<LANE_ | D>">
<vehi cl e i d="<VEH CLE_| D>" pos="<VEH POSI TI ON>" speed="<VEH_SPEED>"
nore vehicles if any on this lane ...
</ ane>

nore lanes if the edge possesses nore ...

</ edge>
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nore edges ....
</tinestep>
the next timestep ...
</ sunp- net st at e>
The values have the following meaning:

* ti nme: Thetime step described by the values within thist i mest ep-element
i d: Theid of the edge/lane/vehicle

» pos: The position of the vehicle at the lane within the described time step

» speed: The speed of the vehicle within the described time step

As you may imagine, this output is very verbose. His main disadvantage is the size of the generated
file. It's very easy to generate files that are several GB large within some minutes. It is of course
possibleto write some nicetool sthat parsethefile (using a SAX-parser) and generate some meaningful
information, but we do not know anyone who has made this. Ancther problem isthat the simulation's
execution speed of course breaks down when such an amount of data must be written.

Normally, all lanes are written, even if there is no vehicle on them. Y ou can change this behaviour
using the boolean switch - - dunp- enpt y- edges. In this case, only those edges and lanes will be
written that contain vehicles.

Examples:

» <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl_rawdunp/ shows how
the raw output is used. The output is written into the subfolder "out put ".

Recent changes:

* Please notice that this options has been earlier named - - out put (- 0)

Aggregated Lane/Edge States (Edge/Lane-Dumps)

This output is far more feasible than the network dump. There are two different types of these files,
oneisedge-based, the other lane-based. Both describe the situation on all of the network's edges/lanes
in terms of traffic science by giving macroscopic values such as the mean vehicle speed, the mean
density, etc.

In the following, it is described how both outputs are generated and which values they contain. Then,
the meanings of the values are given as well as a description of intervals. At last, some additional
possibilities to constraint the outputs are given.

Note

Please remark that "aggregated lane/edge states" are also called "meandata’ or "edge/lane-
dumps".

Note

Some people find the number of information within the lane/edge states quite minimalist.
Thisis because this output is used as input for the DUAROUTER during the computation of
a dynamic user assignment (see "Dynamic User Assignment and Alternative Routes") and
due to thisis meant to be fast. That's why it only contains values that are fast to compute.
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Recent changes:
» The documentation has been updated to fit the real output when being rechecked for version 0.9.3

» The(eveninvalid) documentation of the file printed previously at the begin of the file was removed
inversion 0.9.3

» This documentation text was rewritten for version 0.9.5, because the previous text said that only
those vehicles are regarded which have left the lane. The edge-dumps/lane-dumps contain instead
the values of all vehicles that were on the edges/lanes within the interval.

 Furthermore, computation of the density and the occupancy has been debugged for version 0.9.5.

» Sinceversion 0.10.0, edge/lane states are defined within additional files.

Edge-Based Network States
An edge-based state dump is defined this way:

<nmeandat a- edge i d="<DETECTOR | D>" freq="<FREQUENCY>" file="<QUTPUT _FILE>" \
excl udeEnpty="true"/ >

The"i d" isany string by which you can name the detector. The"f r eq"-attribute describes the period
over which collected values shalle be aggregated. The "f i | e" attribute tells the simulation to which
file the detector shall write his results into. The file will be generated, does not have to exist earlier
and will be overwritten if existing without any warning. The folder the output file shall be generatedin
must exist. If "excl udeEnpt y" is set to true, no information aboute edges where no vehicle drove
iswritten.

For edge-based state dumps, the output file will look like the following:

<net st at s>
<i nterval begi n="<I NTERVAL_BEGQ N>" end="<| NTERVAL_ END>" >
<edge id="<EDGE_ | D>" travel time="<MEAN TRAVEL_TI ME>" \

sanmpl edSeconds="<COLLECTED VEH CLE SECONDS>" \
densi t y="<MEAN_DENSI TY>" occupancy="<MEAN_OCCUPANCY>" \
noSt ops="<NUMBER OF HALTS>" speed="<MEAN SPEED>" \
ent er ed="<ENTERED VEH NUMBER>" enitted="<EM TTED VEH NUMBER>" '
| ef t =" <LEFT_VEH NUMBER>"/ >

nore edges ...
</interval >
further intervals ...
</ net st at s>
Please remark, that in contrary to the example above, for each edge, al values are reported in oneline.
Examples:
» <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl_neandat a_edges/

shows how to generate an edge-based aggregated state output. Herein, four outputs are written into
the subfolder "out put ", one for each of the intervals 15s, 60s, 300s, and 900s.

Lane-Based Network States

A lane-based state dump is defined anal ogous to edge-dumps:
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<nmeandat a- | ane i d="<DETECTOR | D>" freq="<FREQUENCY>" file="<QUTPUT_FILE>" \
excl udeEnpty="true"/ >

The generated output looks like the following:
<net st at s>
<i nterval begi n="<I NTERVAL_BEG N>" end="<| NTERVAL_END>" >
<edge i d="<EDCE_| D>">
<l ane id="<LANE | D>" traveltinme="<MEAN TRAVEL_TI ME>" \
sanpl edSeconds="<COLLECTED VEH CLE SECONDS>" \
densi t y="<MEAN_DENSI TY>" occupancy="<MEAN_OCCUPANCY>" \
noSt ops="<NUMBER OF HALTS>" speed="<NMEAN_SPEED>"
ent er ed="<ENTERED VEH NUMBER>" emtted="<EM TTED VEH NUMBER>" '
| ef t =" <LEFT_VEH NUMBER>"/ >
nore | anes. ..
</ edge>
nore edges ...
</interval >
further intervals ...
</ net st at s>
Please remark, that in contrary to the example above, for each edge, al values are reported in oneline.
Examples:
» <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl_neandat a_l anes/

shows how to generate a lane-based aggregated state output. Herein, four outputs are written into
the subfolder "out put ", one for each of the intervals 15s, 60s, 300s, and 900s.

Value Descriptions

Both the edge-dump and the lane-dump are computing the values the same way: every vehicle move
- even those with v=0 - is recorded and saved during the interval. After the interval has passed, these
values are written into the file after being normalized. In the case of the edge-dump the values are not
only normalized by the number of the collected vehicle moves and the length of the lane, but also by
the number of lanes of the edge.

The meanings of the written values are given in the following table.
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Table 6.5. Definition of values generated by edgedump/lanedump-outputs

Name Measure Description

begin (sinulation) seconds |The first time step in which the
reported values were collected

end (simul ati on) seconds |The last time step in which the
reported values were collected

edge@d I D The name of the reported edge

| ane@d I D The name of the reported lane

travel tine s Time needed to pass the edge/
lane

sanpl edSeconds s Number seconds vehicles were
measured on the edge/lane (may
be subsecondsif avehicleenters/
leaves the edge/lane)

density #veh/ km Vehicle density on the lane/edge

occupancy % Occupancy of the edge/lanein %

noSt ops # The number of stops counted
a the edge/lane within the
described interval

speed nms The mean speed on the edge/lane
within the reported interval

ent ered # The number of vehiclesthat have
entered the edge/lane within the
described interva

emtted # The number of vehiclesthat have
been emitted onto the edge/lane
within the described interval

| eft # The number of vehicles that

haveleft the edge/lane within the
described interval

Theinterval endistheinterval begin + aggregation time - 1, meaning that values were collected within
these steps. If the simulation ends before the last interval is over, the interval will be prunned.

Constraining the State Outputs

Misc

If you need only information about the network states during certain time periods, you may
constraint generation of the dumps by giving attributes "begi n="<TI Me>[ , <TI ME>] +"" and
"end="<TI ME>[, <TI ME>] +"". When at least one combination is given, dumps will be written
only if an according begin/end-pair exists for the current time. This means, only those intervals will
be saved for which begi n[x]<=INTERVAL_END and end[x]>=INTERVAL_BEGIN. All dumps
will cover the complete simulation if no values for begi n/end are given..

Examples:

* <SUMO DI ST>/ dat a/ exanpl es/ out put _t est s/
cross3l tl_neandat a_constrai ned/ shows how to generate a restrained state output.
Herein, eight outputs are written into the subfolder "out put ", four edge- and four lane-based, and
for each of theintervals 15s, 60s, 300s, and 900s.
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Recent changes:

» The vaues have been revisited and partially changed for version 0.9.9

Net-Wide Vehicle Emission States & Travel Times

Y ou can force the simulation to generate thisoutput using - - em ssi ons- out put <FI LENAVE>
or - -em ssi ons <FI LENAME>. This output contains the simulation-wide number of vehicles
that are loaded, emitted, running, waiting to be emitted, have reached their destination and how long
they needed to finish the route. The last value is normalised over all vehicles that have reached their
destination so far. The information containing all those values is computed for each time step and the
output file looks like following:

<em ssi ons>
<eni ssion-state tinme="<SlI MULATI ON_TI Me>"

| oaded="<LOADED VEH CLE_NUMBER>" \
em tted="<EM TTED_VEH CLE_NUMBER>" \
runni ng="<RUNNI NG_VEHI CLE_NUMBER>" \
wai ti ng="<NUMBER_OF_VEHI CLES_WAI TI NG_FOR_EM SSI ON>" \
ended="<ENDED VEHI CLE_NUMBER>" \
meanWai t i ngTi me="<MEAN_WAI TI NG_TI ME>" \
meanTr avel Ti me="<MEAN TRAVEL_ TI VE>"/ >

further time steps ...
</ em ssi ons>

Please remark, that in contrary to the example above, for each time step, al those values are reported
inoneline. A description of the valuesis given in the table below.
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Table 6.6. Definition of values generated by emissions-output

Name Measure Description

tinme (simul ati on) seconds |The time step described by the
entry

| oaded # Number of vehicles that were

loaded into the simulation so far
(including reported time step)

emtted # Number of vehicles emitted so
far (including reported time step)

runni ng # Number of vehicles that were
running within the reported time
step

wai ting # Number of vehicles which were

waiting for emission (could not
be emitted) within the reported

time step
ended # Number of vehicles that have
reached their destination so far
(including reported time step)
meanVi ti ngTi ne S The mean time al vehicles up

to now and within the reported
time step had to wait for being
emitted;-1 if no vehicle has been
emitted, yet

neanTravel Ti me S The mean travel time of al
vehicles that have left the
simulation within the previous
and the reported time;-1 if no
vehicle has been removed from
the simulation, yet

Examples:

» <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl_em ssions/  shows
how the emissions output is used.

Recent changes:

* Inversions prior to 0.9.3, the attribute "t i me" was named"i d"

Vehicle-Oriented Trip Information

The simulation is forced to generate this output using: - -t ri pi nf o- out put <FI LENAME> or
--tripinfo <FI LENAME>. This output contains the information about each vehicle's departure
time, the time the vehicle wanted to start at (which may be lower than the real departure time) and the
time the vehicle has arrived. Such an information is generated for each vehicle as soon as the vehicle
has arrived its destination and is removed from the network. The format is as following:

<tri pi nfos>
<tripinfo id="<VEH CLE_|I D>" \
depart =" <DEPARTURE_TI ME>" depart Lane="<DEPARTURE_LANE_| D>" \
depar t Pos=" <DEPARTURE_POSI TI ON>" depar t Speed=" <DEPARTURE_SPEED>" \
depart Del ay="<DEPARTURE_DELAY>" \
arrival ="<ARRI VAL_TI ME>" arrival Lane="<DEPARTURE_LANE_| D>" \
arrival Pos="<ARRI VAL_PCSI TI ON>" arri val Speed="<ARRI VAL_SPEED>" \
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dur ati on="<TRAVEL_TI ME>"

wai t St eps="<STEPS W TH_HALTS>"
devi ces="<DEVI CE_LI ST>" vtype="<VEH CLE_TYPE_ | D>"/ >

i nformati on about further vehicles ...

</tripinfos>

rout eLengt h="<ROUTE_LENGTH>" \
r er out eNo=" <REROUTE_NUMBER>" \

Please remark, that in contrary to the example above, for each time step, all those values are reported
inone line. An entry is written each time a vehicle has arrived at his destination. In prior to this, the
written values would not be known.

Table 6.7. Definition of values generated by tripinfo-output

Name Measure Description

id I D The name of the vehicle that is
described by this entry

depart (simul ati on) seconds |Thereal departuretime (thetime

the vehicle was emitted into the
network)

depart Lane I D The id of the lane the vehicle
started its journey

depart Pos m The position on the lane the
vehicle started its journey

depart Speed nms The speed withwhichthevehicle

started its journey

depart Del ay (simul ati on) seconds |Thetimethe vehicle had to wait
before it could start hisjourney
arrival (simul ati on) seconds |Thetime the vehicle reached his

destination at

arrival Lane I D Theid of thelanethevehiclewas
on when reaching his destination

arrival Pos m The position on the lane the
vehicle was when reaching the
destination

arrival Speed n's The speed the vehicle had when

reaching the destination

dur ati on

(simul ati on) seconds

The time the vehicle needed to
accomplish the route

rout eLength

m

The length of the vehicle'sroute

wai t St eps simul ati on steps The number of stepsinwhichthe
vehicle speed was below 0.1m/s

rer out eNo # The number the vehicle hasbeen
rerouted

devi ces [1D* List of devices the vehicle had.
Each device is separated from
theothersby a’;'.

vtype I D Thetype of the vehicle

Examples:

* <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl _tripinfo/

shows

how the tripinfo output is used. The output is written into the subfolder "out put ".
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Recent changes:

e Inversions prior to 0.9.3, the attribute "vehi cl e_i d" wasnamed "i d"

» The documentation has been updated before releasing version 0.9.3

* Ther er out es attribute was added for version 0.9.6

» Thedevi ces list attribute was added for version 0.9.6

* Thevt ype attribute was added for version 0.9.6

e Thevehi cl e_i d attribute wasrenamed toi d in version 0.9.9

» Thest art attribute was renamed to depart inversion 0.9.9

e Theattributesdepart Lane, depart Pos, depart Speed were added in version 0.9.9

* Theend attribute wasrenamed to ar ri val inversion 0.9.9

» Theattributesarri val Lane, arri val Pos,arri val Speed were added in version 0.9.9
e Inversion 0.9.9, the attribute wai t ed was removed; instead depar t Del ay wasintroduced
* Theattributesr out eLengt h andwai t St eps were added in version 0.9.9

* Ther er out es attribute was renamed tor er out eNo in version 0.9.9

Vehicle Routes

The vehicle routes output contains information about which route a vehicle took and if his route was
replaced at any time by anew one, each of the previous routes together with the edge at the time their
replacement took placeisreported. Furthermore, the vehicle emission and ending timeisstored herein.
The generated file look like this:

<r out es>

<vehicle i d="<VEH CLE_I D>" depart="<EM SSI ON_TI ME>" arri val =" <ARRI VAL_TI ME>"
<route repl acedOnEdge="<EDGE | D>" repl acedAt Ti ne="<TI ME>" edges="<PREVI QU

further replaced routes ...

<rout e edges="<LAST ROUTE>"/>
</vehicl e>

i nformation about further vehicles ...
</routes>
The values have the following meanings:
* i d: theid of the vehicle this entry describes
e depart : Thetime the vehicle was emitted into the network)
» arri val : Thetimethe vehicle wasremoved from the simulation (dueto arriving at the route end)
» repl acedOnEdge: The edge the vehicle was on when the described route was replaced

» repl acedAt Ti me: Thetime step of this replacement
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» <PREVI QUS_ROUTE>: The replaced route
e <LAST_ROUTE>: Thefinal vehicleroute

Both the previous and the final routes are complete, that means that they contain al the edges
the vehicle was meant to pass as long as the route was not replaced, yet. The information
repl acedOnEdge andr epl acedAt Ti nme are available only for routes which were replaced.

In normal conditions, when all vehicles use predefined routes, the output does not contain any
information that could not be retrieved from the routes and the tripinfo output. But as soon as you
reroute your vehicles within the simulation, f.e. using rerouters (see "Rerouter"), it will contain new
information.

The simulation is forced to generate this output using: - - vehr out es- out put <FI LENAVE> or
--vehrout es <FI LENAMVE>.

Examples:

e <SUMO DI ST>/ dat a/ exanpl es/ out put _tests/cross3ltl_vehroutes/  shows
how the vehicle routes output is used. The output is written into the subfolder "out put . This
isjust a basic example that the output is generated. Better take alook at <SUMO DI ST>/ dat a/
exanpl es/ ext ended/ rerouter/.

» <SUMO DI ST>/ dat a/ exanpl es/ ext ended/ r er out er/ uses rerouters to change the
vehicles routes. A vehicle routes output into the out put -subfolder.

Recent changes:
» Thisoutput was finally finished and validated for version 0.9.3

» Theformat was changed to fit a normal route file more closely in 0.10.0

Output coupled to Traffic Lights

SUMO offers some possibilities to save states of traffic lights during the simulation, afeature mainly
used to evaluate adaptive traffic light algorithms. We will now describe these outputs.

TLS States

To enable writing tls state information you have to add the following definition into one of
your additional files: <ti ned_event type="SaveTLSStates" source="<TLS |D>"
dest =" <QUTPUT_FI LE>"/ >. The attributes have herein the following meanings.

» t ype: typeof the event trigger; dways"SaveTLSSt at es" herein
» sour ce: Theid of thetraffic light which state shall be written

» dest : Thefileto save the state into

The output looks like this:

<tls-states>
<tlsstate tinme="<SIMSTEP>" id="<TLS |D>" subid="<TLS SUBI D>"><STATE></t1 sst
further states ...
</tl|s-states>

The state is saved in each simulation second. The state itself is coded as alist of the characters 'G',
'Y', and 'R, standing for "green", "yellow", and "red", respectively. Each character describes a link
controlled by the traffic light. Only the state of the current program is saved (see also "Adding new

Programs"). The attributes have the following meaning:
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» ti me: Thesimulation time this entry was generated for

» id: Theid of thetlsthat isresponsible for the link

» subi d: The sub-id of thetlsthat is (currently) responsible for the link
Missing:

* An easy mapping from positions within the state to links.

Recent changes:

» This output is available since a long time, still several issues may made him unworking before
version 0.9.5

» Since version 0.9.6 only the state of the current program is saved

TLS Switches

This output containsinformation about the green light phases of links (lane-to-lane connections). Each
green light phase is describes by its begin, end and duration. An entry is written into the file as soon
agreen phase of alink ends. To enable writing tls switch information you have to add the following
definition into one of your additional files: <t i med_event type="SaveTLSSwi tchTi nes"
source="<TLS | D>" dest ="<OQUTPUT_FI LE>"/ >. The attributes have herein the following
meanings.

» type: typeof the event trigger; ways"SaveTLSSwi t ches" herein
» sour ce: Theid of the traffic light which state shall be written

* dest : Thefileto save the state into

The output looks like this:

<tls-swtches>
<tlsswitch tls="<JUNCTI ON | D>" subi d="<JUNCTI ON_SUB | D>" \
fromLane="<LI NKS_SOURCE LANE>" tolLane="<LI NK_DESTI NATI ON_LANE>" \
begi n="<BEGA N_OF GREEN PHASE>" end="<END OF GREEN PHASE>" \
dur at i on="<DURATI ON_OF_GREEN PHASE>"/ >
further switch points ...
</tls-swtches>

Each entry iswritten into a single line. The values have the following meanings:
e junction: Theid of thetlsthat isresponsible for the link
* subi d: The sub-id of thetlsthat is (currently) responsible for the link

* fromlLane: Theid of the lane the link starts at

t oLane: Theid of the lane the link ends at

» begi n: Begin of thislink'slast green phase

» end: End of thislink's last green phase

e durati on: Duration of thislink'slast green phase
Recent changes:

» Thisoutput isavailable since version 0.9.5
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* The element "switch" was renamed to "tlsswitch" in version 0.9.6

TLS Switch States

This output saves tls-states as the TLS States - output does but not every second but only
at times the phases or the program (see also "Adding new Programs') change. The output is
instantiated by adding the following definition into one of your additional files: <t i ned_event
type="SaveTLSSwi t chSt at es” source="<TLS | D>" dest="<OUTPUT_FI LE>"/ >.
The attributes have herein the following meanings:

e type: typeof the event trigger; ways"SaveTLSSwi t ches" herein
e sour ce: Theid of the traffic light which state shall be written

» dest : Thefileto save the state into

The output looks like this:

<tls-swi tch-states>
<tlsstate tine="<SI M STEP>" id="<TLS | D>" subi d="<TLS SUBI D>"><STATE></t| sst
further states ...
</tls-switch-states>

Each entry iswritten into a single line. The values have the following meanings:
e ti me: Thesimulation time this entry was generated for

e i d: Theid of thetlsthat isresponsible for the link

* subi d: The sub-id of thetlsthat is (currently) responsible for the link
Recent changes:

» Thisoutput isavailable since version 0.9.6

Coupled E2-Output

Itis possible to add e2-detectors which are coupled to atraffic light. Then, thetlsis used to determine
the intervals (aggregation) time instead of giving afixed aggregation time. In this case, output will be
generated every time the traffic light switches. To use this feature, ssimply replace the freg-attribute
within the description of an e2-detector by theid of thetraffic light that should steer it (usethe attribute
"t | " to specify theid):

<e2-detector id="<ID>" |ane="<LANE |D>" pos="<PCSI TI ON ON LANE>"
| engt h="<DETECTOR_LENGTH>" t| ="<TL-1|D>"
file="<QUTPUT_FI LE>" [ neasures="<MEASURES>"] [tine_treshol d="<FLOAT>"]
[ speed_treshol d="<FLOAT>"] []jam treshol d="<FLOAT>"] [keep_for="<FLOAT>"]/>

A further feature allows you to collect measures only for the time the light turns yellow for a certain
link (connection between the incoming and the outgoing lane). This should allows measuring the
maximum jam length in front of a red traffic light for this link. To enable this, one has to add the
name of thefollowing lane: t o="<LANE_| D>" tothelist of attributes. Theincoming laneisalready
given by the"| ane"-attribute.

<e2-detector id="<ID>" |ane="<LANE |D>" pos="<PQOSI TI ON_ON_LANE>"
| engt h="<DETECTOR _LENGTH>" t| ="<TL-1D>" to="<LANE_ | D>"
file="<QUTPUT_FI LE>" [ neasures="<MEASURES>"] [tine_treshol d="<FLOAT>"]
[ speed_treshol d="<FLOAT>"] []jamtreshol d="<FLOAT>"] [keep_for="<FLOAT>"]/>

Recent changes:
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 This output was refactored and retested for version 0.9.8

Vehicles Handling Revisited

In the normal case, SUMO is meant to simulate urban areas where vehicles may start their trips from
any edge. Still, there also some other approachesto feed a simulation with ademand and some of them
whereimplemented in SUMO. Y ou have the foll owing possibilitiesto add vehiclesinto your network:

* Insert vehicles on any edge

In this case, avehicle from thelist will be inserted at the given time into the edge hisroute starts at.
The position of theinsertion is random (by now), the rightmost lane will be used.
* Insert vehicles on feeding edges

Thisisapproach isoften used in conjunction with od-matrices; each of the districts described in such
od-matrices contains alist of "feeding" or "source" edges. If you use feeding edges, your vehicles
will be inserted similar to insertion on normal edges as described above, but they will be aways
inserted at the end of the edge and all lanes of the feeding edge will be used.

» Using emitter

Emitter are used to insert vehicles into the network at a well defined position. An emitter may be
placed on a certain lane and gets alist of vehicles (or aflow amount) to emit. We use this approach
often to insert vehiclesinto the network at places where induction loops have measured the flows.

We will now describe the emitters more deeply.

Emitter

Emitters may be used to define flows using induction loops as input data. For such modelling attempt,
you should place emitters at those positions on the network where the induction loops are located and
convert the values retrieved from the induction loops to the format emitters may read. The format is
described bel ow, together with some additional methods to ease generation of emitter files. If you are
working with such inputs extensively, you may be also interested in what the DFROUTER does (see
"Using Detectors and DFROUTER" for a further documentation).

Recent changes:

» Although emitters are available for a long time already, their description has been added while
working on version 0.9.5

» The attribute vehtype was renamed to type while working on version 0.9.9

» Emitters are considered deprecated since version 0.10.0

Basic Definition
Y ou can place an emitter onto alane by adding thefollowing declaration to one of your additional-files:

<emitter id="<ID>" pos="<POS>" |ane="<LANE_|D>" \
[friendly pos="x"] file="<DEFIN TION FI LE>"/>

The fields have the following meanings:

* i d: A string holding theid of the emitter.

* pos: Position on the lane in meters; if positive, then the following must be ensured:
0<=<POS><<LANE_LENGTH>, if negative: 0><POS>>-<LANE_LENGTH>; in this case the
position will be counted from the lane's end.

» | ane: Theid of the lane the emitter shall be placed on
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» friendly_pos: optional; if thisis set and the position (pos) is not valid, the detector will be
placed at the lane's end (0.1meter away from it).
o fil e: Thefilethe emitter shall read the definition of what/how/when to emit from

An emitter needs further information to know when, how many and what kind of vehicles shall
be emitted. All this information must be written into <DEFI NI TI ON_FI LE>. The easiest way to
describe vehicle emissions hereinisto list al of them explicitely:

<triggeredsource>
<emt id="vehl" time="0" type="ny_type" route="ny_route" speed="13.9"/>
<emt id="veh2" tinme="4" type="ny_type" route="ny_route" speed="13.9"/>
<emt id="veh3" tinme="8" type="ny_type" route="ny _route" speed="13.9"/>
</triggeredsource>

Using such a definition only would raise error because we have named the vehicle types and
the routes but did not define them. We can either define them within another additional file or
within a route file but we have to ensure that they're loaded before the emission definition is
(see "Using the Files in a correct Way" on loading order). Let's assume we have done it. In this
case, using such a definition we would emit three vehicles, having the names "vehl", "veh2",
and "veh3" as given within the id-field, al being of type "my_type". All vehicles use the same
route, "my_route", and will start with a velocity of O at the smulation seconds O, 4, and 8. To
summarize, a vehicle emission within an Emitter definition is described as following: <emi t
[id="<VEH CLE ID>"] [type="<VEH CLE_TYPE>"] tine="<EM SSI ON_TI ME>"
[route="<VEH CLE_ROQUTE>"] [speed="<IN Tl AL_SPEED>"]/>. The meanings of
these values are:

i d: Theid of the vehicle to emit

 t ype: Name of the vehicle type the vehicle to emit shall have

e ti me: Thetime at which the vehicle shall be emitted (in simulation seconds)
» rout e: Name of the route the vehicle shall use

» speed: The speed the vehicle shall be emitted with in m/s

As you can see, several of the fields are marked as optional. If no id is given, the id will
be constructed automatically. The vehicle will then have a name made up from the emitter's id
followed by the time step the vehicle shall be emitted at and a running number, all divided by a' '
("<EM TTER_I| D>_<DEPART>_<RUNNI NG>"). Also, the emission speed is optiona. If not given,
the minimum of the maximum speed allowed on the lane and the vehicle's maximum velocity is used.
If the emission time lies before the simulation begin, the vehicle will be discarded. The following
sections describe how one can omit explicite attributes for vehicle type and route.

Recent changes:

e The definition has been renamed from "tri gger" to "enitter" after version 0.9.10. In
conjunction, the definition's attribute "obj ect t ype" isnot longer used.

» Theattribute"obj ect i d" wasrenamed to "l ane" after version 0.9.10.

Describing Route Distributions

To avoid computing and assigning a vehicle type and a route to each vehicle emission definition
explicitely, you can define a probability distribution by which routes/types are chosen from a set. For
the routes, you can do this as shown in the next example:

<triggeredsource>
<rout edi stel emid="ny_routel"” probability=".2"/>
<rout edi stel emid="ny_route2" probability=".8"/>

<emit id="vehl" time="0" type="ny_type" speed="13.9"/>
<emt id="veh2" time="4" type="ny_type" speed="13.9"/>
</triggeredsource>
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Now, arandom routeisassigned to avehicle, "my_routel" with aprobability of .2, "my_route2" witha
probability of .8. The probabilities are normed automatically, that meansthat you can also use numbers
that do not sum to 1. Each occuring r out edi st el emwill be added to the distribution (see aso
"Resetting the Distributions"). The meanings of the attributes of ar out edi st el emelement are:

* i d: The name of the route to use (the route must have been loaded in prior to the occurence of the
rout edi st el emelement)
» probability: The probability (value/sum of probabilities) of choosing the route

Describing Vehicle Type Distributions
Vehicle types may be assigned to vehicles from distributions, too:

<triggeredsource>
<vtypedi stelemid="ny_typel" probability=".8"/>
<vtypedi stelemid="ny_type2" probability=".8"/>

<emt id="vehl" tinme="0" route="ny route" speed="13.9"/>
<emt id="veh2" tinme="4" route="ny route" speed="13.9"/>
</triggeredsource>

In this example the probabilities for using one of the types are equal. The probabilities are normed
automatically, that means that you can also use numbers that do not sum to 1. Each occuring
vt ypedi st el emwill be added to the distribution (see also "Resetting the Distributions'). The
meanings of the attributes of avt ypedi st el emeement are;

* i d: The name of the vehicle type to use (the vehicle type must have been loaded in prior to the
occurence of thevt ypedi st el emelement)
e probabi lity: Theprobability (value/sum of probabilities) of choosing the vehicle type

Resetting the Distributions

As said before, all occurences of vt ypedi st el em are stored into the same distribution. This
also holds for the occurences of r out edi st el em Now, one maybe wants to model different
distributions over time. To alow this, you can add a"r eset "-element to your description:

<triggeredsource>
<vtypedi stelemid="nmy_typel" probability=".5"/>
<vtypedi stelemid="ny_type2" probability=".5"/>
<rout edi stel emid="ny_routel"” probability=".2"/>
<rout edi stelemid="my_route2" probability=".8"/>

<emt time="10" speed="13.9"/>
further vehicle enits ...
<emt time="20" speed="13.9"/>

<reset/>

<vtypedi stelemid="nmy_type3" probability=".5"/>
<vtypedi stelemid="ny_typed" probability=".5"/>
<rout edi stel emid="ny_route3" probability=".2"/>
<rout edi stelemid="mnmy_routed4" probability=".8"/>

<emt time="30" speed="13.9"/>
further vehicle enits ...
<emt time="40" speed="13.9"/>

</triggeredsource>
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This would force the emitter to reset all distributions after emitting the vehicle at time 20. While
vehicles emitted within the times 10 and 20 would use the vehicle types"my_typel" and "my_type2"
and routes "my_routel" and "my_route2", the vehicles emitted between time 30 and 40 - after
the r eset -element - would use the vehicle types "my_type3" and "my_typed" and the routes
"my_route3" and "my_route4".

Using Flows

Instead of describing each vehicle emission explicitely, you can specify a flow to emit. In this case,
vehicle type and routes distributions must be given:

<triggeredsource>
<vtypedi stelemid="ny_typel" probability=".5"/>
<vtypedi stelemid="ny_type2" probability=".5"/>
<rout edi stel emid="ny_routel"” probability=".2"/>
<rout edi stelemid="my_route2" probability=".8"/>

<fl ow no="1800" end="10"/>
<fl ow no="900" end="20"/>
</triggeredsource>

The meaning of the attributes of af | ow-element are:

* no: Theflow tousein veh/h.
* end: The end of the interval for which this flow shall be emitted. If <O (default) the flow will be
used until the simulation's end.

Traffic Management and Other Structures

SUMO holds several additional structures to model speed limits, public transport etc. The structures
are normally defined within additional files.

Traffic Lights

Normally, NETCONVERT will generate traffic lights and programs for junctions during the
computation of the networks. Still, these computed programs differ quite often from those found
in reality. To feed the simulation with traffic light programs from the redlity, it is possible to load
additional programs since version 0.9.4. Furthermore, one can describe when and how a set of traffic
lights can switch from one program to another. Both will be discussed in the following subchapters.

Handling of traffic lights is not yet very user friendly. Besides the following descriptions,
a further document, "SUMO - More on... Traffic Lights [http://sumo.sourceforge.net/docs/gen/
sumo_moreon_tls.shtml]", exists which describes the usage of traffic lights more deeply.

Adding new TLS-Programs

Since version 0.9.4 you may attach a new program to a tls after the network has been loaded.
Defining a tls program is not that straightforward, yet. If you are definitely interested in this, we
advice you to read the "SUMO - More on... Traffic Lights [http://sumo.sourceforge.net/docs/gen/
sumo_moreon_tls.shtml]" document wherethe format is described. Basically, atls program definition
looks like this:

<tl-logic type="static">
<key>0</ key>
<subkey>0</ subkey>
<phaseno>8</ phaseno>
<of f set >0</ of f set >
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<phase duration="20" phase="0000111100001111" brake="1111110011111100" \
yel I on="0000000000000000"/ >

<phase duration="4" phase="0000110000001100" brake="11111111111121111" \
yel | on="0000001100000011"/ >

<phase duration="3" phase="0000110000001100" brake="1111001111110011" \
yel I on="0000000000000000"/ >

<phase duration="4" phase="0000000000000000" brake="1111111111112111" \
yel | on="0000110000001100"/ >

<phase duration="20" phase="1111000011110000" brake="1100111111001111" \
yel I on="0000000000000000"/ >

<phase duration="4" phase="1100000011000000" brake="11111112111112111" \
yel | on="0011000000110000"/ >

<phase duration="3" phase="1100000011000000" brake="0011111100111111" \
yel I on="0000000000000000"/ >

<phase duration="4" phase="0000000000000000" brake="1111111111112111" \
yel | on="1100000011000000"/ >

</tl-1ogic>

After you have defined a tls program, you can add it to one of your additional files. You may load
several programs for asingle tlsinto the simulation. The program loaded as last will be used (unless
not defined using aWAUT description, see below). Please remark, that all subkeys of your programs
must differ if they describe the sametls.

Recent changes:

» Loading of additional tls programsisimplemented since version 0.9.4
e Thei ncl anes tag has been removed from the network description since version 0.9.4
* Thetag keyno has been renamed to subkey sinceversion 0.9.4

Caution

Please keep in mind that this feature is quite new and that du to this some things may not
work as suspected and may get changed in the near future.

Defining the switch Times and Procedure

Intheredlity, atls often uses different programs during aday and maybe al so for weekdays and for the
weekend days. Since version 0.9.4 you can define switch times between the programsusing aWAUT
(I am very sorry, but | do not know the English word for WAUT - this may be a matter of change).

L et'sassume we would have atlswhich knowsfour programs - two for weekdays and two for weekend
dayswherefrom 22.00till 6.00 the night plan shall be used and from 6.00 till 22.00 the day plan. Wel'll
givethese programsthe names"weekday night", "weekday day", "weekend night", "weekend day".
To describe the switch process, we have to describe the switch at first, assuming our simulation runs
from monday 0.00 (second 0) to monday 0.00 (second 604800):

<WAUT refTime="0" id="nyWAUT" startProg="weekday ni ght">
<waut Swi tch tine="21600" to="weekday_ day"/> <!-- nonday, 6.00 -->
<waut Swi tch tinme="79200" to="weekday night"/> <!-- nonday, 22.00 -->
<waut Swi tch ti ne="108000" to="weekday_day"/> <l-- tuesday, 6.00 -->
further weekdays ...
<waut Swi tch ti ne="453600" to="weekend_ day"/> <l-- saturday, 6.00 -->
... the weekend days ...
</ WAUT>
Thefieldsin WAUT have the following meanings:

» ref Ti me: A reference time which is used as offset to the switch times given later (in simulation
seconds)
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* i d: The name of the defined WAUT

» start Prog: The program that will be used at the simulation's begin
and thefieldsinwaut Swi t ch:

 ti nme: Thetimethe switch will take place

* t 0: The name of the program the assigned tls shall switch to

Of course, programs with the used names must be defined before this definition isread. Also, thetime
must be sorted.

Additionally, we have to define which tls shall be switched by the WAUT. Thisis done asfollowing:
<waut Juncti on waut | D="nyWAUT" juncti onl D="RCAS" [ procedure="Stretch"] [synchron

Here, the attributes have the following meaning:

waut | D: Theid of the WAUT thetls shall be switched by
* juncti onl D: The name of the tIsto assign to the WAUT

* procedure: The switching algorithm to use; If none is given, the programs will switch
immediately (default)

» synchr on: Additional information whether the switch shall be done synchron (default: false)

You may assign several tls to a single WAUT. YOu may also assign severa WAUTSs to a single
junction in theory, but this is not done in reality. The switching procedures are currently under
development.

Recent changes:

* WAUTs areimplemented since version 0.9.4

Caution

Please keep in mind that this feature is quite new and that du to this some things may not
work as suspected and may get changed in the near future.

Public Transport

Possibilities to simulate public transport were firstly added in version 0.9.3. By now you may
define positions of bus stops and let vehicles ("busses') stop at these positions for a pre-
given time. Definitions of bus stop locations in SUMO have the following format: <busSt op
i d="<BUS_STOP_| D>" | ane="<LANE_| D>" from=" <STARTI NG_PCSI TI ON>"
t 0="<ENDI NG_POCSI TI ON>" [ i ne="<LINE_I D>[; <LI NE_I| D>] *"] / >. That meansthat
abus stop is an area on alane. The parameters have the following meanings:

e i d:id of the bus stop; must be unique

| ane: theid of the lane the busstop shall be located at

f r om the begin position on the lane (the lower position on the lane) in meters

t 0: the end position on the lane (the higher position on the lane) in meters

* | i ne: A list of names separated by a semicolon (';") meant to be the names of the bus linesthat stop
at this bus stop. Thisis only used for visualisation purposes.
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Figure 6.1. Visualization of a bus stop in SUMO (from
<SUMO DI ST>/ dat a/ exanpl es/ ext ended/ busses1l)

Vehicles must be informed that they must stop at a bus stop. The following example shows how this
should be done (taken from <SUMO_DI ST>/ dat a/ exanpl es/ ext ended/ bussesl):

<vtype id="BUS" accel ="2.6" decel ="4.5" sigma="0.5" |ength="15" naxspeed="7
color="1,1,0"/>

<vehicle id="0" type="BUS" depart="0" color="1,1,0">
<route edges="2/0to2/1 2/1tol/1 1/1tol/2 1/2to0/2 0/2to0/1 0/ 1to0/0 0/0
<stop bus_stop="hbusstopl"” duration="20"/>
<stop bus_stop="hbusstop2" duration="20"/>
<stop bus_stop="hbusst op3" duration="20"/>
<st op bus_stop="hbusst op4" duration="20"/>
</ vehicl e>

What we have hereisavehiclenamed "0" being a"BUS". "BUS" isareferenced type declared earlier.
The vehicle has an embedded route (written by hand in this case) and alist of stop places. Each stop
placeisdescribed by two attributes, "bus_st op" and"dur at i on" where"bus_st op" isthename
of the bus stop the vehicle shall halt at and "dur at i on" isthe time the vehicle shall wait at the bus
stop in seconds. Please remark that the order of bus stops the vehicle shall halt at must be correct.

You may also let a vehicle stop at another position than a bus stop. The complete definition of
a vehicle's stop is: <stop ( bus_stop="<BUS _STOP_ID>" | |ane="<LANE | D>"

pos="<POSI TI ON_AT_LANE>" ) duration="<HALTI NG_DURATI ON>"/ >. This means
you can either use abus stop or alane position to define where a vehicle has to stop.

Again thelist of attributes for the "st op"-element of avehicle:
* Either:
« bus_st op: id of the bus stop the vehicle shall halt at; the bus stop must be previously declared
e or
« | ane: id of the lane the vehicle shall stop at; the lane must be within the network
* pos: Position on the lane the vehicle shall stop at; double
» dur ati on: thetimethe vehicle shall halt at the bus stop in seconds; int, mandatory
Examples:

e <SUMO DI ST>/ dat a/ exanpl es/ ext ended/ busses1 showsasmall examplefor defining
bus stops and |etting a bus halt at them
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* <SUMO DI ST>/ dat a/ exanpl es/ ext ended/ 3bussesl is admost the same as
<SUMO DI ST>/ dat a/ exanpl es/ ext ended/ busses1 but three busses are driving here
and the first bus stop is longer than the others. This example shows how the length of bus stops
determines how many busses actually can stop here.

* <SUMO DI ST>/ dat a/ exanpl es/ ext ended/ vehi cl e_st ops shows a small example
where avehicle halts

Some extensions till to be done:

 Definition of public transport lines instead of giving alist of stops for each vehicle?
 Halting times dependent to the number of passengers within the vehicle

» Optionally do not let vehicles halt if no person wantsto leave/enter

Recent changes:

e The definition has been renamed from "t ri gger" to "busSt op" after version 0.9.10. In
conjunction, the definition's attribute "obj ect t ype" isnot longer used.

» Theattribute"obj ect i d" wasrenamed to "l ane" after version 0.9.10.

Variable Speed Signs (VSS)

One of the trigger objects that may be specified within an additional file allows the simulation of
variable speed signs. The syntax for such an objectis: <var i abl eSpeedSi gn i d="<VSS_| D>"
| anes="<LANE_| D>[ ; <LANE_I D>] *" fil e="<DEF_FI LE>"/ >.

You may have noticed that a file name must be supplied, called <DEF_FI LE> within the schema
above. This file must contain the information about when a certain speed shall be set onto the lane.
Thisfile has the following format:

<vss>
<step tinme="<TI M=>" speed="<SPEED>"/ >
<step tinme="<TI M=>" speed="<SPEED>"/ >

further entries ...

<step tinme="<TI M=>" speed="<SPEED>"/ >
</vss>

Each st ep isacombination of thet i me the next new speed shall be set and the speed to set itself.

A small examplefor usage of vss within SUMO may befoundin” dat a/ exanpl es/ ext ended/
vari abl e_speed_si gns".

Recent changes:

e The definition has been renamed from "t ri gger " to "vari abl eSpeedSi gn" after version
0.9.10. In conjunction, the definition's attributes "obj ect t ype" and"at t r " are not longer used.

» Theattribute"obj ect i d" wasrenamed to "l anes" after version 0.9.10.

Rerouter

Rerouter change the route of a vehicle as soon as the vehicle moves onto a specified edge.

A rerouter is set into the simulated network by adding the following declaration line to an "additional
file": <rerouter i d="<RERQUTER | D>" edges="<EDGE_| D>[ ; <EDCE_| D>] *"
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file="<DEFI N TION_FI LE>" [probability="<PROBABI LI TY>"]/>. Asyoumay see,
rerouter may be placed on several edges, at least one edge is necessary. Furthermore, you may aready
define the probability for rerouting a vehicle by giving a number between 0 (none) and 1 (all). The
declaration values are

i d: theid of of the rerouter

» edges: anedgeid or alist of edge idswhere vehicles shall be rerouted

fil e: path to the definition file
e probabi |l ity:the probability for vehicle rerouting (0-1)

In addition to this declaration a definition file (stored in <DEFI NI TI ON_FI LE>) must be given
which describes the behaviour of the rerouter over time. Each description of what arerouter shall dois
embedded in an interval definition which describes within which time period the rerouter shall work.
Thisis set up asfollowing:

<rerouter>
<i nterval begi n="<BEG N_TI ME>" end="<END_TI ME>"/ >
action description ...
</interval >

further intervals ...

</rerouter>

A rerouter may work in several different ways. Within atime period you may close an edge, or assign
new destinations or pregiven routes to vehicles. The next subchapters will describe these possibilities
and how to describe them within the rerouter's definition file in detail.

Recent changes:

A completedescription of rerouterswasadded in version 0.9.5; in accordace, definitions of rerouters
have changed

 The description was reworked for version 0.9.8

» The definition has been renamed from "t ri gger " to "rer out er" after version 0.9.10. In
conjunction, the definition's attribute "obj ect t ype" isnot longer used.

» Theattribute "obj ect i d" wasrenamed to "edges" after version 0.9.10.

Closing a Street

A "cl osi ng_r erout e" forces the rerouter to close the edge <EDGE_| D>. Vehicles which
normally would pass this edge will get a new route as soon as they reach one of the edges given in the
edges-attribute of the rerouter's declaration. acl osi ng_r er out e definition may look like this:

<rerouter>
<i nterval begi n="<BEG N_TI Me>" end="<END_TI Ve>"/ >
<closing reroute id="<EDGE | D>"/>
</interval >

further intervals ...

</rerouter>
The attributes used within such definitions are:

* i d: theid of the closed edge; mandatory string, the id must be the id of an edge within the network
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Assigning a new Destination

A"dest _prob_rerout e" forcesthererouter to assign anew route to vehicles that pass one of the
edges defined in the edges-attribute of the rerouter's declaration. A new route destination is used,
defined by the name of a new destination in the according element:

<rerouter>
<i nterval begi n="<BEG N_TI ME>" end="<END_TI V&>"/ >
<dest _prob_reroute id="<EDGE | D1>" probability="<PROBABI LI TY1>"/>
<dest _prob_reroute id="<EDGE | D2>" probability="<PROBABI LI TY2>"/>
</interval >

further intervals ...

</rerouter>

The route is computed automatically using the Dijkstra-algorithm and starting at the edge the vehicle
is located at and ending at the new destination. The new route will be the fastest route in the empty
network.

The attributes used withinadest _prob_r er out e are:

i d: theid of the new destination; mandatory string, the id must be the id of an edge within the
network

e probability: the probability with which a vehicle will use the given edge as destination;
mandatory float, should be between 0 and 1; the sum of the probabilities should be 1 (but thisis
not necessary)

Assigning a new Route

A'"rout e_prob_reroute" forcesthererouter to assign anew route to vehicles which pass one of
the edges defined in the edges-attribute of the rerouter's declaration. In this case, theid of acomplete
route must be supplied instead of a new destination:

<rerouter>
<i nterval begi n="<BEG N_TI ME>" end="<END_TI ME>"/ >
<route_prob_reroute id="<ROUTE_| D1>" probability="<PROBABI LI TY1>"/>
<route_prob_reroute id="<ROUTE_| D2>" probability="<PROBABI LI TY2>"/>
</interval >

further intervals ...

</rerouter>
The attributes used within such definitions are:

« i d: theid of anew route to assign; mandatory string, the id must be the id of a previously loaded
route

» probability: the probability with which a vehicle will use the given edge as destination;
mandatory float, should be between 0 and 1; the sum of the probabilities should be 1

Vehicle Classes

Since version 0.9.5 SUMO is capable to handle vehicle classes. One can close aroad or alane for
certain vehicle classes or explicitely allow certain vehicle classes on aroad/lane. Thisis done by a
combination of assigning allowed/disallowed vehicle classes to roads/lanes and additionally giving
vehicles afurther class attributes. Available vehicle classes as well as using them is described within
the next subchapters.
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Caution

Please keep in mind that this feature is quite new and that du to this some things may not
work as suspected and may get changed in the near future.

We want to ask you to supply us any comments on thistopic - it is not completely designed,
yet.

Recent changes:
A first support for vehicle classes was added in version 0.9.5
Available Vehicle Classes

A vehicleclassismade up of two parts. Thefirst part describesto what kind of an authority the vehicle
belongs. The next table shows what kind of authorities are defined currently:

Table 6.8. Allowed vehicle class authority descriptions

Table Name Description

private The vehicle belongs to a private person

public_transport The vehicleisa public transport vehicle

public_emergency The vehicle is an emergency vehicle

public_authority The vehicle belongs to a public authority (police)

public_army The vehicleisan army vehicle

vip The vehicle is used to transport a vip (very
important person)

The second part describes the kind of the vehicle. Currently possible values are shown within the next
table:

Table 6.9. Allowed vehicle class vehicle kind descriptions

Table Name Description

passenger A plain passenger car
hov A heavy occupied vehicle
taxi A taxi

bus A bus

delivery A small delivery vehicle
transport A truck

lightrail A lightrail

cityrail A cityrail

rail_slow A dlow transport rail
rail_fast A fast passenger rail
motorcycle A motorcycle

bicycle A bicycle

pedestrian A pedestrian

Please remark that both the authority descriptions and kind descriptions are only names, no model is
stored behind them. By defining avehicletype as"pedestrian” you will not get aperson walking within
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the simulation - currently pedestrian are not modeled anyway. These values simply name possible
types of vehicles found on a network to allow closing/opening lanes or edges for them currently.

Closing/Opening Roads/Lanes for certain Vehicle Classes

Roads/lanes are normally marked to allow/disallow a certain vehicle class while building the network
using NETCONVERT. This process is described in chapter "Defining allowed Vehicle Types [http:/
/sumo.sourceforge.net/docs/gen/user_chp04.shtml#user_chpO4-xml_descriptions-edges-vclasses]”.

Assigning a Type to a Vehicle

Y ou can assign a vehicle class to avehicle by extending this vehicle's vehicle type. Assume you want
to set avehicle as being of the class "bus'. A vehicle type definition could look like this:

<vtype id="BUS" accel ="2. 6" decel ="4.5" signma="0.5" |ength="15" naxspeed="7
color="1,1,0" vclass="public_bus"/>

In this case, the vehicle will drive only on lanes/roads where all vehicle classes are allowed or where
public busses are not disallowed or where public busses are explicitely allowed.

Mixing Closings/Openings of Roads for Vehicle Classes

The importer for XML-edge description uses two lanes attributes, all ow and
di sal | ow (see Defining alowed Vehicle Types [http://sumo.sourceforge.net/docs/gen/
user_chp04.shtml#user_chp04-xml_descriptions-edges-vclasses]). Within the resulting network the
values supplied this way are stored by listing al allowed and disallowed vehicle classes, divided by
a';". Here, disallowed vehicle classes are marked by aleading '-'. This means that if a lane shall not
allow pedestrians, it should have the attribute vcl asses="- pedest ri an".

A vehicle class may use alane if
« thereisno vehicle class allowed/disallowed on this lane
» the vehicle class matches a class allowed on thislane if any alowed classis defined for this lane

» the vehicle class does not match any of the defined disallowed vehicle classes on for thislane

Using the Files in a correct Way

Y ou may have noticed that beside the networks, SUMO additionally reads route files and "additional "
files. Most of the structures (detectors, actors, route definitions, vehicletype definitions, tisdefinitions,
etc.) may be placed in both route files and additional files. On the low application level the difference
between the two file typesis the order of loading them.

Normally, when the option r out e- st eps is left to be not equal to zero, additiona files
are parsed first, in the order of their definition. This means if you set the option "-
a filel.add.xm ;file2.add.xm", at first "fil el. add. xm " will be loaded, then
"file2. ad..xm ". Eachfileisread completely before the next file is parsed. This means that if
you have some global routes and want to reference them by a changing set of vehicles, you should
place these routes in afile which isloaded at first. After all additional files have been read, the route
filesare opened. Still, they are not read immediately but as soon as the simulation starts. Each of these
filesisread until a vehicle emission occures which is beyond the current time step + time defined in
rout e- st eps. Here, al route files are parsed in the order they occured within the call, too.

The things change alittle bit if the option r out e- st eps is set to zero. In this case, the route files
are parsed as first, BEFORE the simulation starts. They also will be parsed completely before the
additional files are parsed. If you need your additional filesto be parsed at first, either usear out e-
st eps value not equal to zero or place your additional files at the begin of the route-fileslist.
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Other Topics

This chapter includes some problems not described, yet.

Simulation of Accidents

SUMO usesacallision-freetraffic flow model. Soif everything worksasit should, no accidents should
occure. If you want to model an accident you have the following possihilities:

» Usevariable speed signsto set alane's maximum velocity down (see chapter "V ariable Speed Signs
[http://sumo.sourceforge.net/docs/gen/user_chp06.shtml#user_chp06-management-vss]”)

e Let a vehicle stop a a predefined position (see chapter "Public Transport [http://
sumo.sourceforge.net/docs/gen/user_chp06.shtml#user_chp06-management-public]™)

Still, in some cases, for exampleif you insert atls with no yellow phase, collisions may occure within
the simulation. Earlier versions of SUMO reported an error in such cases and quit. We decided to
change this behaviour. By now, the simulation reports a warning in such cases and tries to solve the
problem internally, either by changing the position of the last car or - if this does not work because
the lane the accident happened at isfull - by removing one of the cars and trying to reinsert it as soon
aspossible. You still may force the simulation to quit as soon an "accident" happens using the option
--quit-on-accident.

Missing
--route-steps
--check-accidents
--too-slow-rtf
--no-duration-log
--no-internal-links

--time-to-teleport
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Chapter 7. Simulation-GUI

The simulation-GUI (graphical user interface) is basically a wrapper around the command line
simulation. The normal procedure isto start the gui-version like any other Window-based application
(double-click onit) and to load a simul ation's description specified using a"normal" configuration-file
as used by the simulation's command line version. After loading it - what may dure alonger time if
the network islarge or the ssimulation isforced to load many routes at once - the network shall appear.
Y our application should then look like displayed below (with your own network, of course).

Figure 7.1. The GUI-Window with a loaded simulation (violet: names of the
controls as used below)
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You can now start your simulation using the "play"-button and/or manoeuvre within the network
pressing one of the mouse buttons and moving the mouse. When moving the mouse within the window
with the left button pressed, you'll move the network to the direction you move the mouse. When
the mouse is moved with the right button pressed, you change the scale the network is displayed in,
zooming into and out of the network.

We will now discuss the different possibilities to use the graphical user interface more deeply.

Main Window Interface

Menu Bar

File-Menu
» Open Simulation...

Opens a file dialog that lets you choose a SUMO-configuration file that describes a complete
simulation. The simulation described within this file will be loaded. Remark that you have to
describe the simulation in full - no further extension is possible.
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You can of course load a simulation if another one is aready loaded. In this case, the previous
simulation will be closed.

Reload Simulation @

Reloads the previously opened simulation.
* Close

Closes the loaded simulation.
* [RECENT FILES]

if you have opened at least onefile before, it will be displayed within thislist. Thelist may contain
up to ten files read previoudly.
» Clear Recent Files

Clearsthe list of recent files.

e Quit

Quits the application.

Edit-Menu
» Edit Chosen...

Opens adialog that lets you load/save and edit the list of chosen items.
 Edit Additional Weights...

This menu enables you to edit additional weights for edges. These additional weight descriptions
may be saved into afile and read by the DUAROUTER and his variants.

« Edit Breakpoints...

Thismenu enablesyou to edit, load and save breakpoints. By now, the simulation will stop at one of
the given brekpoints (simulation time steps) and can be then continued by pressing the " play"-button

([})-
Settings-Menu
» Application Settings...
By now, one can only set whether the application shall be closed automatically when the loaded
simulation ends.

e Simulation Settings...

Displaysthe settings as read from the configuration file. Thisitem isonly accessibleif asimulation
has been loaded.

Caution
Under current development. (Better do not use it)
Windows-Menu

» Show StatusLine

By pressing this menu item, you can switch the status line off and on.
» Show Message Window
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By pressing this menu item, you can switch the message window off and on.
+ Show Tool Bar

By pressing this menu item, you can switch the toolbar off and on.
e TileHorizontaly

Reorders the position of windows.
» TileVertically

Reorders the position of windows.
 Cascade

Reorders the position of windows.
* Close

Closes the uppermost window.
 Clear Message Window

Deletes al contents from the message window.

Help-Menu
» About

Shows asmall window with some information about SUMO.

Tool Bar

File Operations

» Open Button
Opens a file dialog that lets you choose a SUMO-configuration file that describes a complete
simulation. The simulation described within this file will be loaded. Remark that you have to
describe the simulation in full - no further extension is possible.

You can of course load a simulation if another one is aready loaded. In this case, the previous
simulation will be closed.

Reload Button @

Reloads the previously opened simulation.

Simulation Operations

Play Button |>

Starts the simulation. If a loaded simulation was not started before, it will begin with the step
described by the b(egin)-parameter within theloaded configurationfile. If the simulation was started
and stopped, it will continue.

Caution

Itis not possible to restart a simulation, you have to reload it.

Stop Button E
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Stops a running application. A stopped application can be continued using the play-button (see
above).

Single Step Button DP

Performs a single smulation step.
» Current Step Field

After theloaded simulation has been started, theinformation about the current time step is displayed
herein.

» Simulation Speed Control

Thevalueyou can change using thiscontrol isthetimethe application waits between two simulation
steps. The higher the value, the slower the simulation will run.

Window Operations

New Microscopic View - Button E.“i
Opens a new window which displays the streets and vehicles moving on them.

New Lane-Aggregated View - Button E

Opens a new window which displays the streets and vehicles moving on them.

Simulation Window Interfaces

SUMO-GUI provides different views on the simulation. The microscopic view shows the vehicles
running just the way as the simulation performs hiswork. Aggregated views show the situation on the
streets by coloring lanes by an aggregated value. Vehicles are not shown within the aggregated view.

Common Controls

Tracking Settings

G
Locate Junction - Button +

Opensawindow that allowsto choose ajunction name from the set of junctionsthe network consists
of. Pressing ok with a chosen junction zooms the view to this junction.

?
Locate Edge - Button \

Opens awindow that allows to choose an edge name from the set of junctions the network consists
of. Pressing ok with a chosen edge zooms the view to this edge.

View Settings

Recenter View - Button %

Y ou can use this button to reset the view to show the whole network. After pressing this button,
the view will be the same as after loading the simulation: The zoom factor will be reset to a value
that lets the window display the whole simulation area and the middle of the loaded network will
be place into the middle of the view.
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Interacting with Objects
Display an Object's Name

Each view has the possihility to display tool tips. If enabled using the " Show Tool Tips'-Button (IVT‘])
the name of an object will pop up in ayellow windowsif the cursor is over the object. A second click
on the "Show Tool Tips'-Button disables this feature.

Caution

This feature does slow down the visualisation. Use should use this carefully and disable if
not needed.

Object Popup Menus

If the cursor is over an object you can press down the right mouse button and after ahlf a second a
popup menu will be shown that allows you some further interaction with the object. Normally, the
following functions are available:

) Center @'

Changes the view in amanner that the current object lies within the the view's center.

Further, some objects allow an interaction, that means to change some of the object's parameter. Y ou
can access this using the command:

Manipulatec?pn

Object Selection

From version 0.8. you are able to add every object that has a name (as shown if turning Tool Tips
on) into alist of selected objects. You can select an object by holding the Alt-key and pressing the
left mouse button when the mouse is over the object. Doing the same a second time will deselect
the object again. Y ou may wonder whether an object is selected or not. Use the lane colouring "by
selection” from " Change L ane Col ouring Scheme". When this col ouring schemeisused, selected lanes
are shown blueish, the other black.

The menu entry Edit->Edit Chosen... allows you to edit the list of selected objects by deselected ones
you don't need. It also allows you to save the list of selected objects. The resulting file contains the
names of the selected objects predeccesed by the object's type, one per line.

Caution
Load is not implemented, yet.

Caution

The handling of selected items is not yet designed cmopletely. Parts of the gui's behavior
may change in the next time.

Parameter Windows

If you choose the option "Show Parameter" from an object's popup menu, a window like the one
displayed below will appear:
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Figure 7.2. A sample Parameter Window (for an induction loop in this case)
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This window conatins some of each object's parameter, including the parameter's name, its current

value and the information is static (marked with a >I'() or dynamic (marked with a ‘I’r) within a
simulation run.

Pressing the right mouse button when being over aline marked as dynamic will show a small popup
window with only a single command: "Open in new Tracker". Choosing this option will allow you to
open another window where this parameter's values will be shown as atime line over the simulation
run.
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Figure 7.3. A sample Parameter Window (for the number of vehicles within a
simulation in this case)
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Y ou can change the aggregation time of the tracked values within this window using the combobox
in this window's menu.

Figure 7.4. A sample usage of the aggregation option (for an induction loop in
thiscase, for aggregation timesof 1s, Imin, 5min (from left to right))
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lmn nn =
| [ =

TL-Tracker Windows
If you position your mouse over one of thered, green or yellow traffic light-bars that show the state of
thetraffic light and press the right mouse button for at least one second, the appearing pop-up includes
amenu entry "Show Phases'. Choosing this menu item will show up a diagram that shows the states

of thetl chronologically. Each pixel in x-direction showsthe state of thetls of one second. The display
contains the tl-states from the time the tracker has been opened, no scrolling aorund is supported.
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Figure7.5. A sample usage of the tls-tracker

B TLS-Tracker

Additional Geometry Files

Since version 0.9.4 it is possible to load additional geometry files into GUISIM which may contain
definition of polygonsor points of interest. These shapes are currently meant to improve asimulation's
appearence and to allow an easier debugging. No special interaction with them is implemented, yet.

Both polygons and points-of-interest may be located at a"layer”. Shapes with lowest layer values are
drawn first so that they can be below those with a higher layer number. The network itself is drawn
as layer 0. An additional file may contain definitions for both points-of-interest and polygons. Any
name may be used for the embedding element.

In the following subchapters, it is described how polygons and points-of-interest may be defined.

Polygon Definitions

A polygon is defined as following:

<poly id="<PCOLYGON | D>" type="<TYPENAME>" col or =" <RED>, <GREEN>, <BLUE>" \
fill="<FILL_OPTION>" |ayer="<LAYER NO>"><PQO NT> [ <PO NT>] +</ pol y>

These attributes have the following meanings:

* i d: Theid (aunique name) of the polygon; mandatory string

» type: A typename for the polygon. This value has no meaning; optional string, default: ""

» col or: The color with which the polygon shall be displayed; <RED>, <GREEN>, and <BLUE>
must be floating point numbers between 0 and 1. They are devided using a',' (no space); mandatory

o fill:Aninformation whether the polygon shall be filled; optional bool, default: false

» | ayer : The number of the layer in which the polygon lies; optional int, default: -1

Point-of-interest Definitions
A point-of-interest is defined as following:

<poi i d="<POLYGON | D>" type="<TYPENAME>" col or =" <RED>, <GREEN>, <BLUE>" \
| ayer =" <LAYER NO>" [(x="<X_POS>" y="<Y _P0S>") | (lane="<LANE_|D>" pos="<LANE

It means that the position a point-of-interest is located at may be given either using explicite x/y-
coordinates or alane name and a position on thislane. So, the attributes have the following meanings:

* i d: Theid (aunique name) of the poi; mandatory string
* type: A typename for the poi. This value has no meaning; optional string, default: ™"
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col or: The color with which the poi shall be displayed; <RED>, <GREEN>, and <BLUE> must
be floating point numbers between 0 and 1. They aredevided using a',' (no space); optional, default
"1,0,0"

| ayer : The number of the layer in which the polygon lies; optional int, default: 1

x: The position of the poi aong the x-axis; float

y: The position of the poi along the y-axis; float

| ane: Thename of thelanethe poi islocated at; string, thelane must be apart of theloaded network
pos: The position on the named lane at which the poi islocated at; float
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Wewant to supply some additional information that did not fit into the descriptionswithin the previous
chapters. The next chapters are possibly the most interesting ones of this document as they describe
some possibilities to ease the work.

Using Configuration Files

Most simulations have to be executed morethan only onetime. Furthermore, some experimentsrequire
the execution of similar, slightly different settings, for example the same network with a different
route set. To avoid retyping of all parameter at the input line, all of the main applications can be fed
with a configuration file. This configuration file contains the values the user normally would give to
the program at the command line. For example, instead of typing

duarouter --cell=nyCellFile --net=mySUMONet.net.xm --output-file=MySUMORout es.
-b 0 -e 3600

you can start the router with a configuration file only:
duarouter -c=nmyConfig.rou.cfg
The-c <FI LE> - option may be passed to al of the package's main applications.

Of course, you have to build the configuration file "myConf i g. r ou. cf g" first. You can find
templates for configuration files within the data/cfg_templates - folder and all examples coming with
the release contain configuration files, too.

A configurationfileisasimple XML-filein which each of the command line parametersisrepresented
as a XML-element with the parameter's value being given as text between the begin and end tag of
this parameter. So if you want to set a parameter "foo" to the value "bar" within your configuration
file, write <f oo>bar <f oo/ > into the configuration file. Do not forget that each XML-file has to
have aroot element, so that the whole configuration file would look like this:

<confi gurati on>
<f oo>bar <f oo/ >
</ configuration>

Between the starting at the ending tag, any type of values may be set, usea'x' to mark boolean valuesas
set. If aparameter allows aset of values (normally separated by a';"), you have to use asingle element
and embed these value into it as you would on command line. A different approach will maybe be
invented in future. You can find the templates for each of the package's application’s configuration
fileswithin the folder "<SUMO DI ST>/ dat a/ cf g_t enpl at es".

Additional Meta-Information

All applications of the SUMO-package print a help-screen is printed including all options the
application knows when the application is started with the - - hel p (- ? for short) option. Y ou can
alsolist al current option settingsusing - - pri nt - opt i ons (or - p for short).

Recent changes:

* This chapter has been moved to this place while working on version 0.9.5

* Theoption - - ver si on that printed the currnt build number was removed in version 0.9.5. Aswe
assume our users to build the software by themselves, a build number does not really make sense.
» Thedescription of - - pri nt - opti ons was added in version 0.9.5.

109



Tips, Tricks and Tools

Additional Tools

Y ou can some find helpful tools within the <SUMO DI ST>/t ool s - folder. We will now introduce
some of them. The following chapters are devided by the topic the tools cover.

Polygon Conversion

Sinceversion 0.9.5 afurther application was added to the suite: POLY CONVERT, atool which allows
you to convert polygons from Elmar's format into a description that may be used by SUMO. As
the offset that was applied to the network during the conversion using NETCONVERT is needed,
one has to supply the network name using - - net - fil e <SUMO NET> (- - net or - n for short).
Additionally the name of the file that contains the polygons to import must be given using - - el nar
<ELMAR_PCLYGON_FI LE>. The conversion from geocoordinates to cartesian is recommended,
initiated using - - use- pr oj ect i on and defined using - - proj <PRQJ_DEFI NI TI ON> (see
also "Converting from Geocoordinates").

Defaults for the polygon's color and layer as well as a name prefix and the name of the type to
assign can be given using the options - - col or <COLORDEF>, - -1 ayer <LAYER NO>, - -
prefix <PREFIX>, and --type <TYPENAME>, respectively. As some inputs may contain
different polygon types, you can also use a file which contains a type map which defines which
values shall be set in dependance to the type. A single entry for this typemap should look like this:
<pol ytype id="<PREVI QUS NAME>" nanme="<NEW NAVE>" col or =" <COLORDEF>"
fill="<BOOL>" | ayer="<LAYER NO>" di scard="<BOOL>"/>. Thevauesare

* i d: The name of the type asread from the input file

« nane: The nameto use for the type in the output (type-name replacement)

« color; Definition of the color to assign

« fill: Information whether afilling of the polygon must be prohibited

* layer: Layer to use for this type of polygons

« discard: Information whether polygons of this type shall not be written to output

An example type-map for Elmar's polygons can be found in <SUMO DI ST>/ dat a/ add/
elmar_type map.xml. It is given to POLY CONVERT usingthe- -t ypemap <TYPEMAP_FI LE>
option.

Since version 0.9.6, POLYCONVERT can aso import single points of interest from Elmar's
pointcollection files. Toimport such afileusetheoption - - el mar - poi nt s <FI LENAVE>, where
<FI LENAME> is the name of the file to import. You can use a type map in this case, too. In this
case, the attribute "filled" will beignored, al other attributes are processed asin the case of importing
polygons.

Also since this version, POLY CONVERT can import polygons and pois from Visum-networks.
The options herefore are - - vi sum <VI SUM_NET> and - - vi sum poi nts <VI SUM NET>.
In the first case, polygons from "BEZIRK" and "GEBIET" are imported, in the second "POI".
"POIKATEGORIE" isparsed in the second steps and the values stored herein are used as type names,
for "BEZIRK", the type name "district" is used, "area' for "GEBIET". These type names may be
references in the type map file.

In some cases, it is wished not to import all polygons/pois. Y ou can constrain which polygons/pois
shall be written using the by assigning the attribute "di scar d" to certain types of polygons(pois
within the type-map. You can also prune those polygons/pois that are not lying within a certain
bounding box. This is done by calling POLY CONVERT with the option - - pr une. boundary
<BOUNDARY>. <BOUNDARY> is in this case the bounding box in which a polygon/poi must be
located in order to be written into the output. It isalist of four floats, separated using ', that describe
the minimum x-value, the minimum y-value, the maximum x-value, and the maximum y-value of
the bounding box. If one wishes to use the network's dimensions as the bounding box, he/she can
do this using the option - - pr une. on- net . Additionally, one can supply offsets to the network's
dimensionsusing - - pr une. on- net . of f sets <BOUNDARY>.
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All options:

( --net-file |
n ) <SUMO NET>

--net | -

--el mar
<ELMAR POLYGON FI LE>

--elmar-points

<ELMAR_PA _FI LE>

--vi sum <VI SUM _NET>

--Vvisum points

<VI SUM_NET>

--typemap <TYPENMAP_FI LE>

--use-projection

--proj <PROJ_DEFI NI TI ON>
<COLORDEF>

--col or

--layer <LAYER NO>

--prefix <PREFI X>

--type <TYPENAME>

- - prune. boundary
<BOUNDARY>

--prune. on- net

--prune.on-net.of fsets
<BOUNDARY>

Recent changes:

The SUMO-net to use as reference. Mandatory, type:filename,
default: none

Reads polygons from the given Elmar polygon file. Optional,
type:filename, default: none

Reads poisfrom the given Elmar pointcollection file. Optional,
type:filename, default: none

Reads polygons from the given VISUM net. Optional,
type:filename, default: none

Reads pois from the given VISUM net. Optional,
type: filename, default: none

Reads type maps from the given file. Optional, type:filename,
default: none

Enables conversion from geocoordinates to cartesian.
Optional, type: bool, default: false

Defines the projection to use. Optional, type:string, default:
"+proj=utm +ellps=bessel +units=m"

Defines the color to use as default. Optional (pregiven),
type:color, default: "0.2,0.5,1." (light blue)

Defines into which layer the polygons shall be put by default.
Optional (pregiven), type:int, default: -1 (one layer below the
road networ k)

Defines the type-dependant prefix to apply to polygons.
Optional (pregiven), type:string, default: <empty>

Defines the name of the type to set for the polygons. Optional
(pregiven), type:string, default: "water"

Defines the clipping bounding box in which a polygon/pois
must lie in order to be written to the output. Optional,
type: boundary definition, default: none

Let POLYCONVERT use the network dimensions as the
clipping bounding box. Optional (pregiven), type: bool, default:
false

Defines additional offsets that are added to the network
dimensions' components. Optional, type:boundary definition,
default: "0,0,0,0"

» POLYCONVERT isavailable since version 0.9.5

* Sinceversion 0.9.6, POLY CONVERT is able to import Elmar's pointcollection files

* The possibility to constrain the imported points using bounding boxes was introduced in version

0.9.6

* Sinceversion 0.9.6, POLY CONVERT is able to import Visum polygons and points
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» The default for the proj-option changed in 0.9.7 from "+proj=utm +zone=33 +ellps=bessel
+unitssm" to "+proj=utm +ellps=bessel +units=m"

Helpers for DUA-Computation

dua-iterate.pl

This script performs a dua computation by runing the DUAROUTER and SUMO a given
number of times and using the previous outputs. A detailed description may be found in
the subchapter "Automatic Iteration using ‘dua-iterate.pl’ [http://sumo.sourceforge.net/docs/gen/
user_chp05.shtml#user_chp05-dua-iterate]”.

Usage. dua-iteratepl <PATH TO SUMD BI NARI ES>  [[ <BEG N_| TERATI ON_STEP>]
]<END_I TERATI ON_STEP>

Output: see "Automatic Iteration using 'duaiterate.pl' [http://sumo.sourceforge.net/docs/gen/
user_chp05.shtml#user_chp05-dua-iterate]”

Location: <SUMO DI ST>/t ool s/ dua_t ool s

Handling Routes and Route Alternatives

oldStyle2newStyle Routes.pl

This tool converts route files as generated by DUAROUTER/JTRROUTER from their old-style
representation where the route and the according vehicle where in separate tags into the new style
where the route-description is.

Usage: oldStyle2newStyle Routes.pl <SUMD ROUTES FI LE>

Output: Thetool prints the modified route file in the new-style on the command line

Location: <SUMO DI ST>/t ool s/ route_tools
randomizeDepart.pl
This tool randomizes the departure time of vehicles within a given route/route aternativesfile.
Usage: randomizeDepart.pl <SUMO ROUTES_FI LE> <MAX_DEPARTURE_TI ME>
Output: Thetool printsthe modified route/ route alternativesfilein the new-style on the command line
Location: <SUMO DI ST>/t ool s/ route_tool s
Caution

This tool is meant to be used for tests only - routes in randomized order may yield in an
unexpected behaviour!

removeRouteld.pl
Removes the ids of routes from their description within the given routefile.
Usage: removeRoutel d.pl <SUMO_ROUTES FI LE>
Output: Thetool prints the modified route file in the new-style on the command line

Location: <SUMO DI ST>/t ool s/ route_t ool s
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Caution

This tool is meant to be used for tests only - you may get an unexpected behaviour if you
delete route ids which are still needed!

removeRouteReference.pl
Removes the references to routes from the descriptions of vehicles within the given routefile.
Usage: removeRouteReference.pl <SUMO_ROUTES_FI LE>
Output: Thetool prints the modified route file in the new-style on the command line
Location: <SUMD DI ST>/t ool s/ route_t ool s
Caution

This tool is meant to be used for tests only - you may get an unexpected behaviour if you
delete the information which route shall be used if it still needed!
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Appendix A. Naming Conventions

To ease the usage of the supplied files, all of which are within a XML-derivate, we use a naming
convention for the file extensions to allow a distinction between the contents with asingle look. The
list of used extensions is showed below. We of course highly encourage you to use this pattern, but
if you have a better idea, let us know.

 Configuration files:
e *.sumo.cfg

Configuration file for SUMO (both command line and GUI-version)
e * netc.cfg

Configuration file for NETCONVERT
e *.netg.cfg

Configuration file for NETGEN
e *.dua.cfg (sometimes aso *.rou.cfg)

Configuration file for DUAROUTER
o * jtr.cfg

Configuration file for JTRROUTER
e *.0d2t.cfg

Configuration file for OD2TRIPS

» Datafiles:
e * net.xml

SUMO - network file
Contents: the SUMO-network including definitions for al streets, lanes and junctions
Generated by: NETCONVERT or NETGEN

Used by: SUMO, GUISIM, DUAROUTER, JTRROUTER, OD2TRIPS
e * rou.xml

sumo - routes file
Contents: vehicle type definitions, route definitions, vehicle definitions
Generated by: DUAROUTER, JTRROUTER or the user

Used by: SUMO, GUISIM, DUAROUTER
o * add.xml

sumo - additional definitionsfile
Contents: The definitions of detectors to build, sources to build etc.
Generated by: the user

Used by: SUMO, GUISIM
e * out.xml

sumo - output file 114

Contents: The "raw" output with edges, lanes and vehicles on them
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Generated by: SUMO, GUISIM

Used by: the user
e *.edg.xml

NETCONVERT - edgesfile
Contents: definitions of edges to build the network from
Generated by: the user

Used by: NETCONVERT
¢ * nod.xml

NETCONVERT - nodesfile
Contents: definitions of nodes to build the network from
Generated by: the user

Used by: NETCONVERT
e * con.xml

NETCONVERT- connection file
Contents: definitions of connections between edges
Generated by: the user

Used by: NETCONVERT
o *.tripsxml

trip definitions for DUAROUTER
Contents: A list of trip definitions
Generated by: the user

Used by: DUAROUTER
¢ * flows.xml

flow definitions for JTRROUTER/DUAROUTER
Contents: A list of flow definitions

Generated by: the user

Used by: JTRROUTER/DUAROUTER

» Other used file types
e *inp

VISSIM network files
e * net

VISUM network files
e *.ghp, *.shx, *.dbf

ArcView-network descriptions (shapes, shape indices, definitions)

115



Appendix B. Included Data

Configuration File Templates

Y ou can find the templates for each of the package's application's configuration files within the folder
<SUMO DI ST>/ dat a/ cf g_t enpl at es. These templates may be filled with your own values.
Examples of fille configuration files may be found within the examples-section.

Included Examples

Several examples are included in the distribution. You may find them in <SUMD DI ST>/ dat a/
exanpl es. The subfolders have the following contents:

Table B.1. Supported examplefolders

Folder Contains examplesfor (topic) |Contains examples for
(application)

dua the dynamic user assignment SUMO/GUISIM,
DUAROUTER

duar out er building routes DUAROUTER

em ssi ons vehicle emissions SUMO/GUISIM

ext ended additional simulation structures | SUMO/GUISIM

jtrrouter building routes JTRROUTER

net bui | d network generation NETCONVERT, NETGEN

out put _tests simulation outputs SUMO/GUISIM

real _world networks from thereal world | all

sinple_nets some simple scenarios al

traffic_lights traffic light algorithms SUMO/GUISIM

SIMPLE_NETS: Basic Examples

Somesmaller networks, mainly for testing purposes may befound withinthe<SUMO DI ST>/ dat a/
exanpl es - folder. In respect to their shape, they are named "ei ght. .. ", "cross..." and
"box. ..".Theydifferinthe number of lanesthe edgeshave and whether apossibly existing junction
is a simple right-of-way or a traffic light junction. The name pattern is as follows <SHAPE>XI for
networks with right-of-way junctions, where X is the number of lanes and <SHAPE>XItl for networks
with atraffic light. <SHAPE> is the name of the coarse shape of the network.

NETBUILD: Examples for NETCONVERT'S XML-Import

These examples may be found in the folder <SUMO DI ST>/ dat a/ exanpl es/ net bui | di ng.
They shall show how networks may be imported/defined using the NETCONVERT application.

"types": Using Type Definitions to describe edges

Both of these two exampl es describe the same network (asimple cross), but "cross_notypes' describes
each edge while "cross_usingtypes’ uses types.

Location: <SUMO_DI ST>/ dat a/ exanpl es/ net bui | di ng/ t ypes
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"speed_in_kmh": Defining Edges' Speed Limits in km/h

Both of these two examples describe the same network (a simple cross) as the settings in
<SUMO DI ST>/ dat a/ exanpl es/ net bui | di ng/ t ypes, but the speed is given in km/
h, both within edge definitions (cross notypes kmh) and within the version using types
(cross_usingtypes_kmh).

Location: <SUMO DI ST>/ dat a/ exanpl es/ net bui | di ng/ speed_i n_kmh

"shapes": Defining the Shapes of Edges

One can pass an additional parameter to edges to describe a more complex shape. This example is
one for using this attribute.

Location: <SUMO DI ST>/ dat a/ exanpl es/ net bui | di ng/ shapes/ hokkai do-j apan

ROUTER: Examples for DUAROUTER and
JTRROUTER

These examples may be found in the folder <SUMO _DI ST>/ dat a/ exanpl es/ rout er . They
shall show how trips and flows may be used to define vehicles.

"trips2routes”, "trips2routes_repetition", "flows2routes":
Different Definition Types for the Same
All these three examples generate 100 vehicles which all have the same route. In "trips2routes” each
vehicle has an own route. They all are the same, only the vehicles ids differ. "trips2routes _repetition”
generates one vehicle but which is duplicated within the simulation 100 times. "flows2routes’

generates 100 vehicles and routes using a flow definition. The vehicles differ from those generated
by "trips2routes® only by their ids.

Location: <SUMO_DI ST>/ dat a/ exanpl es/ rout er
"flows2routes" vs. "flows2routes _Xs_interval" vs.

"flows2routes_Xs_interval _ext": Spreading vehicles over an
interval

These examples show the usage of the interval length in flows. While in "flows2routes” al vehicles
are emitted at the same time, in "flows2routes _100s _interval" the departure times are spread over
100s and in "flows2routes_200s_interval" over 200s. The example ending with *_ext" show how the
interval may be defined using an enclosing element.

Location: <SUMO DI ST>/ dat a/ exanpl es/ r out er

EXTENDED: Examples for using additional SUMO-
structures

These examples may be found in the folder <SUMD DI ST>/ dat a/ exanpl es/ ext ended. They
show how simulations may be equipped with additional structures such as variable speed signs, bus
routes etc..

"bussesl" vs. "3bussesl": Examples for Bus Stops

"busses1” shows how bus stops are defined and a bus is forced to stop at these. "3bussesl” is almost
the same, but three busses are moving around. "3bussesl” shows also that the length of bus stops
determines how many busses may stop here.
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Location: <SUMO_DI ST>/ dat a/ exanpl es/ ext ended

"vehicle stops": Defining Stop Positions for Vehicles

"vehicle_stops' shows how avehicle can be forced to stop at a certain postion.

Location: <SUMO_DI ST>/ dat a/ exanpl es/ ext ended
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