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1 Introduction

NOTE: NetSim VANET library is available only in standard and pro versions

Connected vehicle (CV) technologies enable a wide range of transportation applications in
safety, mobility, and infotainment. While holding tremendous promise, the success of these
CV-enabled applications will rely on the quality of the underlying information flow [1]. NetSim
is a simulation tool to model, simulate and analyses this information flow. The vehicular
communication architecture in NetSim is based on a combination of the IEEE 1609 standard
and IEEE 802.11p standard. The 802.11p standard defines the PHY and MAC layers while
IEEE 1609 defines the upper layers.

NetSim

Lanes

Traffic
Light

Vehicles

Turn
Restriction

Network Communication

802.11 p, WAVE 1609, WSMP, DSRC, BSM

V2V, V2X, Routing

Channels, RF Propagation

Applications - Volce, Video, FTP, Database, HTTP and more

Figure 1-1: NetSim-SUMO interfacing for VANET simulation. Top left is a SUMO screen shot while
bottom right is a NetSim screen shot.
Ne t SIiVANES library features:

A |EEE 802.11p PHY operating in the 5.9 GHz band with a channel bandwidth of 10 MHz.
802.11p is an adaptation of the famous IEEE 802.11a standard previously used in Wi-Fi
systems.

A Radio propagation in the PHY layer covering various pathloss, shadowing and fading
models.

A |EEE 802.11p MAC layer. Stations communicate directly outside the context of a BSS.

A |EEE 1609-2, which defines security services for application messages and
management messages in WAVE.

A |EEE 1609-3, which defines connection set up and management of WAVE compliant
devices.

A |EEE 1609-4, which enables upper layer operational aspects across multiple channels

without knowledge of PHY layer parameters.
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DSRC SAE J2735

BSM packets that are transmitted using WSMP

A spontaneous Adhoc network formation between the VANET nodes; layer-3 IP routing
can be through DSR, AODV, OLSR or ZRP for non-BSM packets

Vehicular mobility using in-built mobility models or by interfacing with SUMO software
Interfacing between SUMO & NetSim via Traffic control interface (TraCl). Automatic
import of road network and vehicle mobility from SUMO

Wide range of output metrics including Delay, Throughput, Error, Retransmission, etc.

Protocol source C code is provided along with NetSim software

In VANETS, Vehicles and roadside units (RSUs) are the communicating nodes, providing each

other with (i) safety information using BSM application and (ii) infotainment applications. Both

types of nodes are dedicated short-range communications (DSRC) devices. The RSU is a

WAVE device usually fixed along the roadside or in dedicated locations such as at junctions

or near parking spaces. In NetSim, users can model network traffic flows:

f

1
1
1

between two or more Vehicles, known as V2V

from vehicles to RSUs (infrastructure), known as V2I

between two or more RSUs

from vehicles or RSUs to remove servers, by connecting RSUs in backhaul to a wired

network comprising of switches, routers, and servers for end-to-end simulation.
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2 Simulation GUI

2.1 Create Scenario

A Open NetSim and click New Simulation A Vehicular Adhoc Network (Vanet) as

shown Figure 2-1.

[ Netsim Home

NetSim Standard

Network Simulation/Emulation Platform

Version 13.2.22 (64 Bit)

New Simulation
Your Work
Examples

Experiments

License Settings

Exit

Support

A A dialogue box appears

Ctri+N

Ctri+0

Ait+F4

Choose a Network

@ Intemetworks (Base)

Features TCP, IP, Routing, Wi-Fi, Ethemet, RF
Propagation, Application Models, Network Stack,
Simulation Kernel, Animator and Plot Engine

@ Licensed

€ Internet of Things

Features WSN, RPL and 6LOWPAN with MANET
routing. IoT interfaces with Intemetworks and
MANETs libraries

@ Licensed

€8l S5GNR
Based on 3GPP 38 series standards. 5G NR
interfaces with Internetworks library

@ Licensed

Advanced Routing

Features VLAN, Multicast Routing: IGMP and PIM,
L3 Switch, ACL and NAT. Access these features
within the properties of Switches and Routers
available in C1

Learn

@ Legacy Networks

Features Pure Aloha, Slotted Aloha, GSM and
CDMA. Legacy Networks run standalone and do
not interface with Internetworks library

@ Licensed

[l Cognitive Radio Networks
Based on 80222 standard and interfaces with
Internetworks library

@ Ucensed

@il Satellite Comm. Networks

Features Geo stationary satellite, TOMA in Ku
Band and MF-TDMA in Ka Band per DVB S2.
Interfaces with Intemetworks library

@ Licensed

HE Software Defined Networks

Based on Openflow protocol. Access this feature
within the properties of all L3 devices. SDN
interfaces with all components except C2 and
o

€ Mobile Adhoc Network

Features DSR AODV, OLSR and ZRP routing
protocols, and multiple MANETs with bridge
nodes. MANETs interface with Intemetworks
library

@ Licensed

€8 LTE/LTE-A

Based on 3GPP 36 series standards. LTE/LTE-A
interfaces with Internetworks library

@ Licensed

@2 Underwater Acoustic Networks
Features underwater communication using the
acoustic PHY and Thorp propagation models.
Interfaces with legacy networks for running
siotted aloha in MAC layer,

@ Licensed

Agion Network Emulator
Connect real systems running live applications to
NetSim. Interfaces with all components except
C2. Access this feature inside Application
properties.

Documentation

Figure 2-1: NetSim Home Screen

€ Wireless Sensor Networks
Based on 802154 MAC/PHY interfaces with
MANET library

@ Licensed

€ Vehicular Adhoc Networks
Based on IEEE1609 Wave and [EEES02.11p with
MANET routing. VANETs interface  with
Intemnetworks library and SUMO

@ Licensed

Contact Us
Email - sales@tetcos.com

Phone - +91 767 605 4321
Website

as shown below, in that browse the Sumo Configuration File

path. The general format of such file is fi *

Ver 13.3

m Sumo Configuration File selection

SUMO Configuration File Selection
NetSim VANETs module is designed to interface directly with SUMO software. A SUMO configuration file
is required as an input to NetSim.

Sumo. cf

go.

If users wish to run VANETSs without interfacing with SUMO then they can do so by clicking on the Cancel
button below and then manually design a network by adding Vehicles and RSU's.

Note: The folder designated for SUMO files should contain only SUMO related files such as:
Configuration files - .sumo.cfg / .sumocfg

Network/route/settings/other additional files - *xml
All files in this folder will be saved by NetSim and will be included during export.

Sample SUMO configuration files are available in

NetSim_Directory>/Docs/Sample_Configuration/VANET

File Path

[

Cancel

Figure 2-2: Sumo Configuration File path

A NetSim VANET module is designed to interface directly with SUMO.
A A SUMO configuration file is required as an input to NetSim.
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Sample SUMO configuration files are available inside <NetSim-Installation-

Directory>\Docs\Sample_Configuration\VANET folder.

Users can either use a Sumo configuration

installation directory or use a different user specified SUMO configuration file. This .cfg
file contains the path of NETWORK file and VEHICLES file.

Further help on how to create SUMO configuration files is available at
http://sumo.dIr.de/wiki/Networks/Building_Networks_from_own_XML-

descriptions.

After selecting the Sumo configuration file name, the scenario is opened, with nodes placed

at their respective starting positions (tracked from Sumo). Roads and Traffic Lights are also

placed exactly as present in SUMO Configuration file.

2.2

A

Devices specific to NetSim VANETSs Library

Vehicle (with one OBU): In NetSim, a vehicle is a mobile communications device. It is
assumed to have one (1) on board unit (OBU) which is a 5-layer device. The OBU can
communicate with other OBUs or with RSUs via an Adhoc link. The OBU is assumed to
have one wireless interface and has its own IP and MAC addresses.

Roadside Unit (RSU): In NetSim, an RSU is a fixed communicating device. RSUs are
generally termed as infrastructure. Vehicle (OBU) to RSU is termed as V2|
communication. The RSU is a 5-layer device that can be connected to a Vehicle or to a
Router. RSUs cannot be directly connected to other RSUs. RSUs have one (1) wireless
interface and one (1) serial interface, and each interface has its own IP and MAC
addresses.

Wired node: A Wired node can be an end-node or for a server. It is a 5-layer device that
can be connected to a switch and router. It supports only 1 Ethernet interface and has
its own IP and MAC Addresses.

Wireless Nodes: A Wireless node can be an end-node or a server. It is a 5-layer
wireless device that can be connected to an Access point. It supports only 1 Wireless

interface and has its own IP and MAC Addresses.

L2 Switch: A Switchisalayer-2 devi ce that uses the devi

forwarding decisions. It does not have an IP address.

Router: Router is a layer-3 device and supports a maximum of 24 interfaces each of
which has its own IP address.

Access point: Access point (AP) is a layer-2 wireless device working per 802.11 Wi-Fi
protocol. It can be connected to wireless nodes via wireless links and to a router or a

switch via a wired link.

Ver 13.3 Page 8 of 62
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~ 4% Adhac Link
g | -, (A é (a2 ¢
i \f_‘f/ / Wired/Wireless

Maode Access Point L2 _Switch Router Vehicle RSU Links

Figure 2-3: VANET Library Device Palette in GUI

Set Node, Link and Application Properties

Right click on the appropriate node or link and select Properties. Then modify the
parameters according to the requirements.

Routing Protocol in Network Layer and all user editable properties in Data Link Layer
few properties are Global or Local, Physical Layer and Power are Local.

In Physical layer standards are acting as Link global.

In the General properties, Mobility Model is set to SUMO, and it is Editable. This signifies
that the Node movements will be traced from SUMO.

File name gives the path to Sumo Configuration file that was given by the user.

Step Size is taken from the Sumo Configuration file specified which tells the amount of
time paused in sumo corresponding to single step of SUMO Simulation.

In Interface (wireless) properties, under Physical layer, by default Standard is setto IEEE
802.11p in case of VANET.

The following are the important properties of VANET Wireless Node (RSU/Vehicle) in

Data link and Physical layers.

| LT: Vanet_Wirelessnode X
Vanet_Wirelessnode » NETWORK_LAYER ‘
| GENERAL ¥ DATALINK_LAYER
APPLICATION_LAYER Protocol IEEE1609
CCH_Time(Microsec) | 100000 |
TRANSPORT_LAYER
SCH_Time(Microsec) | 100000 |
MNETWORK_LAYER
Guard_Time(Microsec) | 100 |
INTERFACE_1 (WIRELESS)
Secondary_Protocol IEEE802.11
Rate_Adaptation | FALSE v |
Short_RetryLimit | 7 |
Dot11_RTSThreshold | 3000 |
Long_RetryLimit | 4 |
MAC_Address AF1D00000101
Medium_access_protocal | DCF - |
Bss Type INFRASTRUCTURE
oK Reset

Figure 2-4: Vanet > Datalink layer Properties Window
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|'g: Vanet_Wirelessnode *
Vanet_Wirelessnode » MNETWORK_LAYER
GENERAL » DATALINK_LAYER
APPLICATION_LAYER v PHYSICAL LAYER
TRANSPORT_LAYER Protocol IEEE1609 5
NETWORK_LAYER Secondary_Protocol IEEE802.11
Standard ‘ IEEEB02.11p - ‘
Transmission_Type OFDM
Transmitter_Power(mW) ‘ 1000.0 ‘
Antenna Gain(dBi) ‘ 1 ‘
Antenna Height{m) ‘ 1 ‘
Frequency_Band(GHz)
Bandwidth(MHz) ‘ 10 - ‘
Ctamdard Channal €CL [ 474 cace 1 %
0K Reset
Figure 2-5: Vanet > Physical layer Properties Window
[ Vanet_Wirelessnode X

Vanet_Wirelessnode

W PHYSICAL_LAYER

CW_Min 15 1

GENERAL
CW_Max 1023

GEIALICTTE L LE s Reference Distance di{m) | 1 |

T L T Connection_Medium WIRELESS

MNETWORK_LAYER POWER

PawerSource | Battery - |
EnergyHarvesting | On hd |
RechargingCurrent{ma) | 04 |
InitialEnergy(mAH) | 05 |
TransmittingCurrent{mA) | 88 |
ldleModeCurrent{md) | 3.3 |
Voltage(V) | 36 |
ReceivingCurrent(maA) | 9.6 |
SleepModeCurrent{ma) | 0.237 |

OK Reset

Figure 2-6: Vanet > Physical layer Properties Window > Battery Model

A Click on the Application icon present on the ribbon and set properties. Multiple

applications can be generated by using add button in Application properties.

Ver 13.3
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4% Adhoc Link # Plots

. '
/ Wired/Wireless C]('/'j @ Packet Trace

. =
Application T EventTrace

Figure 2-7: Application icon present on top ribbon

A Set the values according to requirement and click OK.

[¥ Configure Application X

Application E E v APPLICATION
Application_Method | UNICAST - |
Applicationl

Application_Type | BSM - |
Application 1D
Application_Name | App1_BSM |

Source_Count

Source_ID | 4 - |

Destination_Count

Destination_ID | 5 - |
Start_Time(s) | 0 |
End_Time(s) | 100000 |
Src_to_Dest | Show line - |
Encryption | NOMNE A |
Random_Startup | FALSE - |

| |

Random Wait Time

OK Reset

Figure 2-8: Application Configuration window

Detailed information on Application properties is available in section 6 of NetSim User Manual.
2.4 Enable Packet Trace, Event Trace & Plots (Optional)

Click Packet Trace / Event Trace icon in the tool bar and click OK. To get detailed help, please
refer to sections 8.4 and 8.5 in User Manual. Select Plots icon for enabling Plots and click
OK.

2% Adhoc Link

. £
/ Wired/Wireless ] &j @ Packet Trace

. ; =1
Application e Event Trace

Figure 2-9: Enable Packet Trace, Event Trace & Plots options on top ribbon
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2.5 Run Simulation

Click on Run Simulation icon on the top toolbar. Simulation Time is set from the Configuration
File of Sumo. The simulation has three options.

A Record animation - runs Sumo in background. Users can view animation after

completion of Simulation.

¥= . ,
- % Adhoc Link 7 Plots
P =
/" Wired/Wireless o4 Do Packet Trace
&
Application ~oy bvent Trace Run

Figure 2-10: Run Simulation option on top ribbon
A Play & Record animation i opens NetSim GUI and Sumo GUI in parallel with
parameters being continuously passed between the two Simulators.
ADondt pl ay/ r e ciounsiSuraonin Backend. Animation is not recorded.

On running the Simulation by selecting Play & Record option, users can view NetSim Packet

animation and SUMO simulation simultaneously.

SUMO determines the positions of vehicles with respect to time as per the road conditions.
NetSim reads the coordinates of vehicles from SUMO (through pipe) during runtime and uses
it as input for vehicles mobility.
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M Configuratien.sumo.cfg - SUMO 0.32.0 — m} X

Jﬁ File Edit Settings Locate Simulation Windows Help - & X

& @ | > 40| e I

Delay (ms): 1DD§E i

& O | @ D ||NetsimyvaneT ~| @

- (LY
CONTROL
Ad 0 100m
wi = = : = :
Loading done. 4
AR Simulation started with time: 0.00 E
widl | )
'C:\Program, C\Program Files\Ni g, 5 [:0699.22, y:464.58 0:609.22, y:464.58

Figure 2-11: Vehicle moments on NetSim Packet animation and SUMO simulation window

simultaneously

Users can see the movement of vehicles in SUMO and observe equivalent movement in

NetSim. Here users can notice an inversion of view in the GUI, since origin (0, 0) in SUMO is

at the left bottom, while origin is at the left top in NetSim.

When users select Play and Record animation option, NetSim and SUMO run separately,

and users will find that the animation in SUMO is much faster than that of NetSim. This is

because, NetSim has to animate the flow of packets between the vehicles in addition to the

vehicle movement.

Ver 13.3
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3 Model Features

3.1 Implementation of the 802.11p in NetSim

A The Adhoc Wi-fi MAC allows for STA transmissions of data frames outside-the-context-
of-a-BSS (OCB). Establishing a secure BSS necessitates announcement, scanning,
synchronization, and association and the time required is extremely undesirable in
vehicular environments [1]. NetSim therefore allows for direct and instantaneous link
setups with no establishment of a BSS. There is no authentication nor association.

A Supports a channel bandwidth of 10 MHz in the 5.9 GHz band

A Supported PHY rates are 3, 4.5, 6, 9, 12, 18, 24 and 27 Mbps. The rate is auto
determined at the sender based on the target packet error probability at the receiver
(target PEP 0.1, 1000 B packets)

A Transmission type is OFDM with slot time equal to 9 * iand SIFS equal to 16 * i

A Uses a Medium Access Control (MAC) protocol based on the Carrier Sense Multiple

Access Collision Avoidance (CSMA/CA) protocol, which is explained below.

0 When a node wants to send a message, the channel must be idle for a duration of
SIFS. If the channel is idle, it starts transmission.

0 Whenanodeynds t he c¢ hanooses$ arandesnybackoff time frdm the
interval [0, CW] and transmits only when the backoff timer has elapsed. The variable
CW represents the size of the Contention Window.

0 When the SCH is used and a node does not receive an acknowledgement for a
message, it concludes that the message has collided and is lost, so the value of CW
is doubled, and it will retry transmission.

o Inthe CCH however, beacons are broadcast in the channel and no acknowledgments
are sent. Therefore, the value of CW is never doubled in the CCH.

3.2 DSRC Channels: CCH and SCH

Vehicles (OBUs) and RSUs can operate in (switch between) multiple channels i.e., in the
SCH and CCH as explained below.

A Control channel (CCH): A radio channel, intended for the exchange of management
information. In NetSim when a BSM (safety) application is configured, it is transmitted
on the CCH.

A Service channel (SCH): These are radio channels used for non-safety applications. In
NetSim, when non safety application such as CBR, Voice, Video, FTP etc., are

configured, they are transmitted on the CCH.

Ver 13.3 Page 14 of 62
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A Guard interval: A time interval at the start of each control channel (CCH) interval and

service channel (SCH) interval during which devices cannot transmit.

Each synchronization interval Sl is split as follows

Sync period Sync period

<4— 100 msec > < 100 msec ————p

Q Q Q (]

§ CCH § SCH § CCH § SCH

e Interval . Interval e Interval e Interval

= 2 = =

o o o o

2 2 2 2

= =3 = =2
- 50 msec > S0 msec Guard interval = 4 msec

>
time

Figure 3-1: We see the time divisions in DSRC. Each synchronization period consists of 1 CCH, 1
SCH and 1 guard interval. While the sync period is generally equal to 100 ms. NetSim allows users to
modify the CCH and SCH interval, and in turn the total synchronization period.

All devices (Vehicles and RSUs) switch between SCH and CCH and the alternation is based
on the time divisions. NetSim allows the user to configure values of CCH interval, SCH interval
and Guard interval. NetSim supports 6 service channels (SCH):172 (5860 MHz), 174
(5870MHz), 176 (5880 MHz), 180(5900MHz), 182(5910MHz) and 184 (5920 MHz), and 1
control channel (CCH): 178 (5890 MHz). The default channels used in NetSim are SCH 171
(5.855 GHz) and CCH 178 (5.890 GHz).

3.3 BSM Application

A DSRC protocol runs with BSM (Basic Safety Message) applications. BSM is a broadcast
packet transmitted at a regular interval

A The BSM Application class sends and receives the IEEE 1609 WAVE (Wireless
Access in Vehicular Environments) Basic Safety Messages (BSMs). The BSM is a 20-
byte packet that is generally broadcast from every vehicle at a nominal rate of 10 Hz. In
NetSim this can be configured as a broadcast or as a unicast application. Note that a
broadcast application can only be transmitted over a single hop. NetSim does not
transmit broadcast applications over multiple hops.

A This application does not follow the IP stack. It runs WSMP protocol over IEEE 16009.
There is no routing; static routes cannot be set, and packets are sent directly to the

destination.
3.4 NetSim i SUMO interfacing

Net Si mbs VANET modul e all ows user open-sourceroader f ace

traffic simulation package designed to handle vehicular & road networks. The road traffic
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simulation is done by SUMO while NetSim does the network simulation along with RF
propagation modelling in the physical layer. While SUMO Simulates the road traffic conditions

and movements, NetSim Simulates the communication occurring between the Vehicles.

Net Sim and SUMO are interfaced using Opipesbod.

processes use for communication. SUMO process writes information to pipe, then NetSim
process reads the information from pipe. On running the Simulation, SUMO determines the
positions of vehicles with respect to time as per the road conditions. NetSim reads the
coordinates of vehicles from SUMO (through pipes) in runtime and uses it as input for vehicles
mobility.

Users will notice an inversion along X axis in the NetSim GUI, since origin (0, 0) in SUMO is
at the left bottom, while origin is at the left top in NetSim.

VANET operates in wireless environment and hence RF channel loss occurs. The amount of
loss can be configured by users. To modify the Wireless channel characteristics users can
right click on the adhoc/wireless link and modify the channel characteristics as per the
requirement.

Source code related to interfacing of SUMO and NetSim is available in Sumo_interface.c file
inside the mobility folder/project.

3.5 How to create a VANET using SUMO and simulate with
NetSim

A SUMO network can be created either manually or using SUMO NetEdit.

3.5.1 Using SUMO NetEdit utility and randomtrips.py to configure road traffic
models

Netedit is a Road network editor for the road traffic simulation in SUMO. Using this utility, users
can quickly design road networks and obtain Network xml file which is part of SUMO

configuration.
Steps to create a simple SUMO network using netedit utility

Step 1: Open netedit from <SUMO_INSTALL_DIRECTORY>/bin (C:\Program Files

(x86)\Eclipse\Sumo\bin) and select File-->New Network

Refer SUMO Documentation:" ht t p: / / sumo. dl r . de/ wi ki / NET E D lopearatidno r

Ver 13.3 Page 16 of 62
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& NETEDIT 0.32.0 — ®
File Edit Processing Locate Windows| Help
& AR @ P|tendad | @ o w Q) E il E & =| 4| v seectedges Show connections
Inspect
v 10m
| I
1208, y:0.93 1208, y:0.93

Figure 3-2: SUMO NetEdit Screen
Step 2: Select Creating junction and edges option as shown below or click on character "e" in
the keyboard.
Step 3: Enable the check boxes "chaino two*way"a n d @ Gvhichdré presentin the right-

side corner.

Create Junction and Edges

4 neTeDIT 0320 » - a ®
file Edit Processing Locste Windows Help

€AUR @ P [ivs - @ o8 5 G SIiw 0 QMBS S 4 v o v o

o 100m
—

Mede fer creating junction and edges 15640, y:T68.37 x-15640, y:768.37

Figure 3-3: SUMO NetEdit design window

Ver 13.3 Page 17 of 62



© TETCOS LLP. All rights reserved

Step 4: Adjust the design area to ensure that the road network lies in the Positive XY
guadrant. This will help in avoiding complexities when opening the network scenario in NetSim.
Step 5: Click on grid area to create edges, clicking again will create a new edge which will
automatically get connected to the previous edge as shown below.

18 NETEDIT0.32.0 - X
File Edit Processing Locate Windows Help

& Q R| @ P standerd j ® @K 8 = QEBEF & = & v Ackformege Bubbles Elevation vl Grid

o 100m

.................................

Figure 3-4: Creating edges SUMO NetEdit design window
Step 6: Select "(t) Traffic Lights". Select the junctions and click on Create TLS button on the
left to add Traffic Signal to it.
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28 NeTEDIT 0.320 - X
File Edit Processing Locate Windows Help
€& A R/ @ P standard j ® = S - Q= S 4 Apply change to all phases
Edit Traffic Light
G e A
: JunctionID | gnell :
] Status unmodified I
1 1
1 Traffic lights definition 1
1 Create TLS
I Delete TLS
\S
T ———
Traffic light Attributes
D gnelt
Program 0 j
Offset 0.00
j
3.00 vy
3.00 yy |
B I I |
Cycle time: 90.00 =
Copy Phase
Delete Phase
] 10m
Cleanup States | |
00.00,- 10000000000.00 N
—
=
Create a new traffic light program x349.69, y:175.33 x349.69, y:175.33

Figure 3-5: Adding Traffic Signal to Network

Step 7: Select "(c) Connect" icon Select the lanes and ensure connectivity between them.

I8 NeTEDIT0.320
File Edit Processing Locate Windows Help

==y

& AR @ D O .- Qq'iiﬁﬂ

1]
»

Edit Connections

Lane -

Lane id: -gneE1_0
Number of changes: 0

Modifications

€ Cancel
@ oK
Operations
Select Dead Ends
Select Dead Starts
Select Conflicts
Select Passing
Clear Selected
Reset Selected

Selection

Hold <SHIFT> while clicking —
to create unyielding
connections (pass=true).

Hold <CTRL> while clicking

to create conflicting

connections (i.e. at zipper nodes)
Legend ;‘

Al

=

37041, y:247.64 k37041, y:247.64

Mode for edit connections between lanes.

Figure 3-6: Select the lanes and connectivity between them

Step 8: Create a new folder and save the network file (*.net.xml) over there, say with a name

network.net.xml
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= | SUMO_NETEDIT - a X
Home Share View 0
o ¢ %

Pin to Quick t New Properties Select
access J folder v &€ -

0 > SUMO_NETEDIT = [ T =
A~
# Quick access
Il Desktop
& Downloads #

*  network.netxml

% Documents o

=~ Pictures
& OneDrive

B This PC v <

1 item -

Figure 3-7: network.net.xml inside the folder

Step 9: Open command prompt with the current working directory as the folder where you
have saved the network file in the previous step.

Step 10: Using randomtrips.py utility present in <SUMO_INSTALL_DIRECTORY>/tools
directory create trips file with the command.

COMMAND SYNTAX >" C:\Program Files (x86)\Eclipse\Sumo\tools\randomTrips.py" -n "
*.net.xml" -e <NO_OF_TRIPS> --route-file "trips.xml"

Example Command >" C:\Program Files (x86)\Eclipse\Sumo\tools\randomTrips.py" -n
"network.net.xml" -e 2 --route-file "trips.xml"

Figure 3-8: Generating route file (trips.xml)

This will create a trips file in your folder along with associated files.

Step 11: Create a SUMO configuration file (*sumo.cfg) which points to the network and trips

file, in your folder which contains the network and route file.
Refer: http://sumo.dlr.de/wiki/Tutorials/Hello_Sumo
Include parameter (To Run in NetSim)
i < s tlength value="0.4"/>"
Following is a sample SUMO Configuration:
<configuration>

<input>

<net-file value="network.net.xml" />
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