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1 Introduction

Note: NetSim VANET component is available only in standard and pro versions

The vehicular communication architecture in NetSim is based on a combination of the IEEE
1609 standard and IEEE 802.11p standard. 802.11p standard defines PHY and MAC layers
while upper layers are defined by IEEE1609.

The following are the important features of the NetSim VANET library that are integrated to

operate together in a harmonious fashion:

IEEE 802.11p PHY operating in the 5.9 GHz band with a channel bandwidth of 10 MHz.
Radio propagation modeling in the PHY layer covering pathloss, shadowing and fading.
IEEE 802.11p MAC layer. Stations communicate directly outside the context of a BSS.
IEEE 1609-2, which defines security services for application messages and
management messages in WAVE.

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

IEEE 1609-4, which sits on top of 802.11p layers. It enables upper layer operational
aspects across multiple channels without knowledge of Physical layer parameters.
DSRC SAE J2735

BSM packets are transmitted using WSMP.

L3 IP routing via DSR, AODV, OLSR or ZRP for non-BSM packets

Vehicular mobility through in-built mobility models or through 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 information, such as safety warnings and traffic information. 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 between vehicles V2V and between vehicle

to infrastructure V2I.
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2 Simulation GUI

2.1 Create Scenario

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

shown Figure 2-1.

[ NetSim Home — X
NetSim Standard
Network Simulation/Emulation Platform
Version 13.1.19 (64 Bit)

Choose a Network

New Simulation Ctrl+N €6 Wireless Sensor Networks €6 Internet of Things €71 Cognitive Radio Networks
Vour Work Culso  Based on 802154 MAC/PHY interfaces with Features WSN, RPL and 6LOWPAN with MANET Based on 802.22 standard and interfaces with
four Wor i+ MANETs library routing. loT interfaces with ks and I ks library
MANETs libraries
Examples

Experiments

@ Licensed il @ Licensed i @ Licensed

€8 LTE/LTE-A €9 Vehicular Adhoc Networks G0 5G NR

Based on 3GPP 36 series standards. LTE/LTE-A Based on IEEE1609 Wave and IEEE802.11p with Based on 3GPP 38 series standards. 5G NR
interfaces with Internetworks library MANET routing. VANETs interface  with interfaces with Internetworks library

Internetworks library and SUMO

@ Licensed il @ Licensed il @ Licensed
License Settings i Satellite Comm. Networks
Exit AltsF4  Features Geo stationary satellite, TDMA in Ku

Band and MF-TDMA in Ka Band per DVB S2.
Interfaces with Internetworks library

Current workspace: Workspace_1

Support Learn Documentation Contact Us
Videos User Manual Email - sales@tetcos.com
ort Experiment Manual Technology Libraries Phone - +91 767 605 4321

-tcos.cor Source Code Helf Website : www.tetcos.con

Figure 2-1: NetSim Home Screen

= A dialogue box appears as shown below, in that browse the Sumo Configuration File

path. The general format of such file is “*.Sumo.cfg”.

[ Sumo Configuration File selection X

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

If users wish to run VANETs 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.

Sample SUMO configuration files are available in
NetSim_Directory>/Docs/Sample_Configuration/VANET

File Path D

OK Cancel

Figure 2-2: Sumo Configuration File path
= NetSim VANET module is designed to interface directly with SUMO.
= A SUMO configuration file is required as an input to NetSim.
= Sample SUMO configuration files are available inside <NetSim-Installation-

Directory>\Docs\Sample_Configuration\VANET folder.
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Users can either use a Sumo configuration file which is provided inside NetSim’s
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

2.3

Devices specific to NetSim VANETSs Library

Vehicle: A Vehicle is a 5-layer device that can be connected to an RSU through an
Adhoc link. It supports only 1 Wireless interface and has its own IP and MAC Addresses.
Roadside Unit (RSU): A devices which is used for V2I Communication. It is a 5-layer
device that can be connected to a Vehicle or to a Router. It supports 1 wireless interface
and 1 Serial interface and 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: Switch is a layer-2 device that uses the devices’ MAC address to make
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 WiFi
protocol. It can be connected to wireless nodes via wireless links and to a router or a

switch via a wired link.

. . . . ' Adhac Link
O B B e Q)
g BN, /" Wired/Wireless
Mode 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.
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= 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.

= |n Physical layer standards are acting as Link global.

= |nthe 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.

= Ininterface_wireless properties, under Physical layer, by default Standard is set to 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.

n" Vanet_Wirelessnode e
Vanet_Wirelessnode » NETWORK_LAYER
GENERAL ¥ DATALINK_LAYER
APPLICATION_LAYER Protocol IEEE1609
CCH_Time(Microsec) | 100000 |
TRANSPORT_LAYER
SCH_Time(Microsec) | 100000 |
NETWORK_LAYER
Guard_Time{Microsec) | 100 |
INTERFACE_1 (WIRELESS)
Secondary_Protocol IEEE&02.11
Rate_Adaptation | FALSE - |
Short_RetryLimit | 7 |
Dot11_RTSThreshold | 3000 |
Long_RetryLimit | 4 |
MAC_Address 6E52012156CA
Medium_access_protocol | DCF - |
Bss Type MESH
OK Reset

Figure 2-4: Vanet > Datalink layer Properties Window
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m Vanet_Wirelessnode
Vanet_Wirelessnode
GEMERAL

APPLICATION_LAYER

» NETWORK_LAYER
» DATALINK_LAYER

W PHYSICAL_LAYER

Frequency_Band({GHz)

Protocol IEEE1609
TRANSPORT_LAYER rotoce
Secondary_Protocol IEEEB02.11
NETWORK_LAYER
Standard | IEEE802.11p - |
INTERFACE_1 (WIRELESS)
Transmission_Type OFDM
Transmitter_Power[mW) | 100 |
Antenna Gain(dBi) | 1 |
Antenna Height({m) | 1 |
SIFS(Microsec) 16

Bandwidth(MHz)
CCA Mode ENERGY_DETECTION
SlotTime{Microsec) 9

oK Resat

Figure 2-5: Vanet > Physical layer Properties Window

m Wanet_Wirelessnode

Vanet_Wirelessnode

W PHYSICAL_LAYER

CW_Min 15

GENERAL
CW_Max 1023

(LGOS E Reference Distance d0im) | 1 |

T T L Connection_Medium WIRELESS

NETWORK_LAYER POWER

PowerSource | Battery - |
EnergyHarvesting | On A |
RechargingCurrent{mA) | 0.4 |
InitialEnergy(mAH) | 0.5 |
TransmittingCurrent(ma) | 8.8 |
IdleModeCurrent{m#) | 3.3 |
Voltage(V) | 3.6 |
ReceivingCurrent(mA) | 0.6 |
SleepModeCurrent{mA) | 0.237 |
oK Reset

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

= Click on the Application icon present on the ribbon and set properties. Multiple
applications can be generated by using add button in Application properties.
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Figure 2-7: Application icon present on top ribbon

= Set the values according to requirement and click OK.

m Configure Application
Application II‘ I:‘ ¥ APPLICATION

Application_Type
Application 1D
Application_Name
Source_Count
Source_|D
Destination_Count
Destination_ID
Start_Time(s)
End_Time(s)
Src_to_Dest
Encryption

Random_Startup

Application_Method
Applicationl

Random Wait Time

| UNICAST

| BSM

| App1_B5SM

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 sections 8.4 and 8.5 in User Manual. Select Plots icon for enabling Plots and click OK.

4% Adhoc Link

/' Wired/Wireless

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

2.5 Run Simulation

0
E7

Application

-,
ey Event Trace

Click on Run Simulation icon on the top toolbar. Simulation Time is set from the Configuration

File of Sumo. The simulation has three options.
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= Record animation - which runs Sumo in background. Users can view animation after

completion of Simulation.

afs . |

-+ Adhoc Link " Plots
- -

/ Wired/Wireless g&" :F];\ Packet Trace

(=}
Application ~oy bvent Trace Run

Figure 2-10: Run Simulation option on top ribbon

= Play & Record animation — Opens NetSim GUI and Sumo GUI in parallel with
parameters being continuously passed between the two Simulators.

= Don’t play/record animation — runs Sumo in 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.

™ -
=t 8 Configuration.sumo.cfg - SUMO 0.32.0 - O X
b |_| Jﬁ File Edit Settings Locate Simulation Windows Help - = X
. cwo b 40|
Play Stop Simulation Time Micro Sec Animation A=
Delay (ms): | 100 = =
@ O | @ @ ||NetsimyvaneT v| @
) 7 140 210 280 50 420 490
- 2o 4
“' —=

S[Vehicle_5]

ad _E

2 3[\fhicle_3]

420 ! &
- Ly
PACKET_ID SEGMENT_ID PACKET TYPE CONTROL
679 0 Basic_Safety_Message Agd o 100m
0 N/A Control_Packet Wi = -
. X Loading done. 4
678 0 Basic_Safety_Message Af Simulation started with time: 0.00
] N/A Control_Packet wisl | LI—

'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
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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.
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3 Model Features

3.1 Implementation of the 802.11p in NetSim

= Adhoc Wi-fi MAC allowing for STA transmission of data frames outside the context of a

BSS.

»= |mmediate communication with no establishment of a BSS. No authentication or
association

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

= 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)

= Transmission type - OFDM
= Slot time - 9us, SIFS - 16us
» Uses a Medium Access Control (MAC) protocol based on the Carrier Sense Multiple

Access Collision Avoidance (CSMA/CA) protocol

o This means that 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.

o When a node finds the channel busy, it chooses a random backoff time from the
interval [0, CW] and transmits only when the backoff timer has elapsed. The variable
CW represents the size of the Contention Window.

o 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

= Control channel (CCH): A single radio channel, not a service channel, intended for the
exchange of management information, including Wireless Access in Vehicular
Environments (WAVE), Service Advertisements, and WAVE Short Messages.

= Service channel (SCH): Any channel that is not the control channel, intended for
management frames and higher layer information exchanges (Wireless Access in
Vehicular Environments [WAVE] Short Message [WSMs].

= Guard interval: A time interval at the start of each control channel (CCH) interval and
service channel (SCH) interval during which devices that are switching channels do not

transmit.
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3.3 BSM Application
= DSRC protocol runs with BSM (Basic Safety Message) applications

= BSM is a broadcast packet transmitted at a regular interval, and it can be classified as a
beacon style transmission.

= 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.

= This application does not follow the IP stack. It runs WSMP protocol over IEEE 1609.
There is no routing, static routes cannot be set, and packets are sent directly to the

destination.

3.4 NetSim — SUMO interfacing

NetSim’s VANET module allows users to interface with SUMO which is an open-source road
traffic simulation package designed to handle vehicular & road networks. The road traffic
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.
NetSim and SUMO are interfaced using ‘pipes’. A pipe is a section of shared memory that
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.
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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: "http://sumo.dir.de/wiki/NETEDIT” for more details on modes of

operation.
I8 NETEDIT 0.32.0 - X
File Edit Processing Locate Windows | Help
4 O R & P |stendard - ® o m 0E T LS & @ sdectedges Show connect tions
Inspect

x12.08, y:0.93 x12.08, y:0.93

Figure 3-1: 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 "chain”, "two-way" and “Grid” which are present in the right-

side corner.
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Create Junction and Edges

B neTeDiT 0320 } - (] b3
File fdit Procesing Locste Windows Help

AR Dot - @ o G Blim| 2 QW B8] iy on v ey G

o 100m
—u

Mode for creating junction and edges. a-156.40, y: 76837 0-156.40, y=T68.37

Figure 3-2: SUMO NetEdit design window
Step 4: Adjust the design area to ensure that the road network lies in the Positive XY
quadrant. 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.
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4B NeTeDIT0.320

File Edit Processing Locate Windows Help

% Q /K @ (D standard j ® @S L. Q E @ B & = & v Ackformege Bubbles Elevation v Grid

0 100m

JETTEEEEEIEEIEEEEEEEEEEEEEEEEEE R,
x267.71, y:15.93 a

=
YissssssssnssEEsEssnEEaEsnnmnnns’

Figure 3-3: 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.

48 NeTEDIT 0.320

Eile Edit Processing Locate Windows Help
@ QK & D standard j © =@ S\ Q= L= & Apply change to all phases

Edit Traffic Light
Y

JunctionID | gnel1

[»

1
1
Status unmedified |
i
I

Traffic lights definition
Create TLS

P L L

Delete TLS
- ————-—
Traffic light Attributes
D gnell
Program 0 :'
Offset 0.00

Cycle time: 90.00

Copy Phase
Delete Phase
1] 10m

Cleanup States | =

2

=

x349.69, y:175.33 x349.69, y:175.33

Figure 3-4: Adding Traffic Signal to Network
Step 7: Select "(c) Connect" icon Select the lanes and ensure connectivity between them.

Create a new traffic light program
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B NETEDIT 0320 - o X

File Edit Processing Locate Windows Help
@A R @ Ptended O @@ EE| S »
Edit Connections

Lane —

1]
»

Lane id: -gneE1_0
Number of changes: 0

Modifications

& Cancel
@ ok
Operations
Select Dead Ends
Select Dead Starts

Select Passing
Clear Selected
Reset Sellected

Selection

Hold <SHIFT> while clicking —
to create unyielding

connections (pass=true).

Hold <CTRL> while clicking

to create conflicting

connections (i.e. at zipper nodes)

1] 10m
Legend i [
Original boundary : 2]
Applied offset
Converted boundary : 10! =
[

Mode for edit connections between lanes. x370.41, y:247.64 x370.41, y:247.64

Figure 3-5: 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
< = | SUMO_NETEDIT = | ®
Home Share View 0
o = X have b x te = § v H
Pin to Quick t t ename Mew = Properties Select
access L] foider - & -
Clipboard Organize New Open
™ » SUMO_MNETEDIT v O y:l
A Mame Type
o Quick access
B Deskt P = metwork.net.oml
esktop
& Downloads
5| Documents
= Pictures +
fia OneDrive
B This PC v € >
1item i

Figure 3-6: 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"
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Example Command >" C:\Program Files (x86)\Eclipse\Sumol\tools\randomTrips.py" -n

"network.net.xml" -e 2 --route-file "trips.xml"

Figure 3-7: 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.dir.de/wiki/Tutorials/Hello_Sumo
Include parameter (To Run in NetSim)
“<step-length value="0.4"/>"
Following is a sample SUMO Configuration:
<configuration>
<input>
<net-file value="network.net.xml"/>
<route-files value="trips.trips.xml"/>
</input>
<time>
<begin value="0"/>
<end value="100"/>
<step-length value="0.4"/>
</time>
</configuration>
Note: Save above content as Configuration.sumo.cfg

You can copy the above contents to create a SUMO configuration file in your folder.
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“ Home Share View

-—j gy Cut = x !Il L:J Mew item ~ ﬂ ¢ open - Hﬂs
—J w. Copy path * —T__'| Easy access = Edit 5
Pinto Quick Copy Paste N Mave Copy Delete Rename Mew Properties _
3cCess F| Paste shortcut tow to- - folder - &) History DDIr
Clipboard Organize Mew Open
&« v » This PC » SOFTWARES (D:) » SUMO_NETEDIT
Name Date modified Type Size
# Quick access )
?_h.i configuration.sumeo.cfg 22-08-2018 11:31 CFG File TKB
[ Desktop s _ : : ;
| network.netxml 22-08-2018 09:59 XMIL File 4 KB
& Downloads ] trips.altxml 2018 11:01 XML File 1KB
| Documents | trips.trips.xml 2018 11:01 XML File 1KB
/& OneDrive | tripsaml 22-08-2018 11:01 XML File 1KB

[ This PC
Figure 3-8: Double click on Configuration.sumo.cfg
Step 12: Open Configuration.sumo.cfg by double clicking or open SUMO using sumo-
gui.exe present in <SUMO_INSTALL_DIRECTORY>/bin. Open scenario in SUMO
using Open->Simulation and verify whether the network loads and simulation happens as per

the configuration done.

3% Configuration.suma.cfg - SUMO 0.32.0 - X
ﬁ File Edit Settings Locate Simulation Windows Help = & X

s&d | B LD | e R oo - [ 0l =
& O B @ @ ||nesimyane v| &

-
RN

100m

Lcﬂcling net-file from 'E\Sample_Configuration\VANET\WANET_1\network.netxml'... done (2ms). ﬂ
Loading done. -
Simulation started with time: 0.00 j
'EA\Sample_Configuration\VANET\WAMNET_1\Configuration.sumo.cfg’ loaded. = 4 35274, y:69.11 352,74, y:69.11

Figure 3-9: SUMO simulation window
Step 13: Open the SUMO scenario via NetSim VANET by selecting VANET under the New

Simulation in the NetSim Home Screen. Browse and locate the SUMO Configuration file
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present in your directory to load the road traffic network in NetSim GUI. The road network
created in SUMO will be automatically replicated in NetSim GUI environment.

File  Settings Help
' Adhoc Link R Plots

Q '@:i/\' é (K) / Wired/Wireless 5&? begd Packet Trace @

Node Access_Point L2 Switch Router Vehicle RSU Links Application 3, Event Trace Run BR, Display Settings

SUMO Configuration File Selection

NetSim VANETs medule is designed to interface directly with SUMO software. A SUMO configuration file
is required as an input to NetSim

| [ % Select SUMO Configuration File
50 {

« M <« Sample_Configuration » VAMET » CCH_Time_Analysis ~ ] O Search CCH_Time_Analysis

Organize * New folder == m @

SEENE 2
~

I This PC ~ Mame Date modified Type Size
_J 3D Objects Configuration.sumo.cfg 19-08-2020 10:06 CFG File 1KB

100 | [ Desktop

@ Documents

o ; Downloads

J) Music

&= Pictures

n Videos

150 “am Local Disk (C)

- Local Disk (B

s New Volume (F)

= setup (\\192.168 v <

File name: | Configuration.sumo.cfg v| Sume config Files (*.sumo.cfg;

200

Figure 3-10: Importing a sumo network configuration into NetSim
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ads @,
- 3 Adhoc Link R Plots
= i el | = G = W &
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Figure 3-11: Network Topology in this experiment

Step 14: Configure traffic between vehicles using the Application icon, enable trace files

And plots

Step 15: Click on Run Simulation button. The Simulation Time is equal to the end time

specified in sumo configuration (sumo.cfg) file and Simulation Time option is Non editable.

3.5.2 Creating your own network in SUMO manually

Step 1: Create a node file using any code editor (like notepad, notepad++ etc.) and the file
extension will be.nod.xml. It represents the junctions in the road. Each of these attributes has
a certain meaning and value range: node_id means unique name of each junction, x-y is the
positions of node and type can be "priority", "traffic_light", "rail_crossing", “rail_
signal’etc.(Refer: https://sumo.dir.de/wiki/Networks/PlainXML#Node Descriptions).

4r NODES.nodxm|
>
id="n@" x="100" y="300" type="priority"/>
id="n1" 3 type="traffic light"/>

id="n2" y=" type="rail

id="n3" ) type="priorit

id="n4" 3 type="traffic light"/>

id="n5" x="500" y="100" type="traffic light"/>
>

Figure 3-12: Device Positions in nodes file
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Step 2: Create an edge file that describes how the junctions or nodes are connected to each
other. The extension of this file is .edg.xml. Each edge is unidirectional and starts at the "from"-
node and ends at the "to"-node. For each edge, some further attributes should be supplied,
being the number of lanes, the edge has (numLanes), the maximum speed allowed on the

edge speed. Furthermore, the priority may be defined optionally. (Refer:

https://sumo.dir.de/wiki/Networks/PlainXML#Edge Descriptions).

4p EDGE.edg.xmi

T T T o R O O T T T N N R N

1d—"R12"
1d "L23"

1d "u14"
id="D35"
id="u35"
id="D25"
id="U25"
id="145
id="R45"
>

' fror

from="n1"
from="n@"
from="n2"
from="n1"
from="n3"
from="n2"
from="ne"
from="n4"
from="n1"
from="n4"
from="n3"
from="n5"
from="n2"
from="n5"
"n5"
from="n4"

priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"
priority="75"

Figure 3-13: Edge file
Step 3: Open Command Prompt and change the directory to the binary folder of sumo using

ﬂhldﬂ
nolane

ﬂuldﬂ es=

nolanes
nolanes
ﬂhldﬂ
nolane
ﬂ“ldﬂ es5=
nolanes
nolanes
nolanes

cd command. “cd C:\Program Files (x86)\Eclipse\Sumo\bin”

Ver 13.1

speed="40"/>
speed="40"/>
speed="30"/>
speed="30

qpeed—"30"/>

speed="40"/>

BR C:\Windows\System32\cmd.exe

C:\Program Files

\Eclipse\Sumcibin>

Figure 3-14: Open command prompt in installation directory
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Step 4: Generate Network file by using NETCONVERT command. Make a folder named like
VANET_Example and place the. nod.xml and .edg.xml files i.e. NODES.nod.xml and

EDGE.edg.xml respectively.

netconvert --n “<path where the.nod.xml file is present>\<filename>.nod.xml” --e “<path where

the .edg.xml file is present>\<filename>.edg.xml” --o “<path where both input files are

present>\<filename>.net.xml”

E¥ C\Windows\System32\cmd.exe

Figure 3-15: Generating Network file by using NETCONVERT command
Step 5: Create a .rou.xml file that describes the direction of the vehicle’s movement.

VWEHICLES rousaml

>

id=""we depart="0.06">
edges="D84 R45 U35 L23
>

id=" depart="0.8
edges="R12 R23 D35 LA45
>

id="wv2" depart=
edges="R@&1 R12 R23 D35
>

id="wv3" depart="8
edges="RO1 D14 R45 U35
>

id="wvw4a4" depart="0.88
edges="D35 L45 U144 R12
>

id="wv5" depart="0©.08">
edges="R45 U25 L12 L1
>

La1™ />

L1 />

vea™ />

L12™ />

U3s L23"/>

RA4A5™ />

Figure 3-16: Direction of the vehicle’s movement
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Step 6: Create a sumo configuration file file using any code editor (like notepad, notepad++
etc.) and the extension is. sumo.cfg. Place the file inside the same folder where the network
file (i.e. NETWORK.net.xml) and route file (i.e. VEHICLES.rou.xml) are present.

Configuration.sumo.cfg

<configuration>
<input>
<net-file value="NETWORK.net.xml"/>
<route-files value="VEHICLES.rou.xml" />
</input>

<time>
<begin value="0"/>
<end value="280"/>
<step-length value="1"/>
</time>
</configuration>

Figure 3-17: Sumo configuration file
Step 7: Now open “New Simulation = VANET". Choose the Configuration.sumo.cfg from the

specified folder and run simulation using NetSim.

3.6 How to include Roadside Units (RSU’s) in a VANET
network?

Upon importing a sumo network configuration into NetSim, roads and vehicles are

automatically added in NetSim as per the configuration done in SUMO.
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Eﬂ VAMET, Workspace Name: MetSim_12.2.26_84_std_default. Experiment Mame: CCH_Time_Analysis

File  Settings Help
ate - .
4% Adhoc Link %4 Plots

— - e
| <) AR = @) =
s Q‘_‘y / Wired/Wireless g&" @ Packet Trace
Node Access_Point L2 Switch Router Vehicle RSU Links Application ?D Event Trace Run &1 Display Settings
0 100 200 300 400 500 600 700 200 200 104
0

%ig“'::::ﬁ"_"“"' “““““““

Al
AdhderLink 1 T~

Wehicle_2
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[
100 \
\
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\
1
\
200
3008
4008
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Figure 3-18: Importing a sumo network configuration into NetSim

Road Side Units can be optionally included in the network by manually clicking and dropping

the RSU icon from the ribbon.

=

L2_Switch

Vehicle

]

MNode Router

Access_Point

Figure 3-19:

% Adhoc Link P
o

Application

{TA?

R5U

/' Wired/Wireless

RSU icon from the ribbon.

RSU’s should be connected using Adhoc links manually.
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Eﬂ VANET. Workspace MName: NetSim_12.2.26_64_std_default. Experiment Name: CCH_Time_Analysis

File Settings Help

ats .
- 2% Adhoc Link # Plots
i - = @ - s
-+ | | Q . [
oo o N’ / Wired/Wireless [ & @ Packet Trace
Node Access Point L2 Switch Router Wehicle RSU Links Application ?D Event Trace Run El Display Settings
] 00 200 300 400 500 600 700 800 200 100
0
o) \:'E:::%—‘-—-——._._____
- ==L
Adhdolink . | T T ——
\‘l\\ \\ ‘H“‘*-.._ —rr -—...._,_____ 3
1 C e
‘l\ =~ -~ Vehic
\ T
-
\ Te=d
|| ~ 1=
\ Sl 5 Tl
20 \ =
\ RSU_5 T
30 Wehic Vehicle 2
40
W
-
50 Vehicle_1

Figure 3-20: NetSim Design Window

Traffic can be configured between RSU’s and vehicles via Application configuration.
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4 Featured Examples

Sample configuration files for all networks are available in Examples Menu in NetSim Home
Screen. These files provide examples on how NetSim can be used — the parameters that can

be changed and the typical effect it has on performance.

4.1 Simple Scenario

Open NetSim and Select Examples->VANETs->Simple Scenario then click on the tile in the

middle panel to load the example as shown in below screenshot

[ NetSim Home - @ X

NetSim Standard
Network Simulation/Emulation Platform ﬁ
Version 13.1.19 (64 Bit)

New Simulation Ctrl+N  Example Simulations Simple Scenario Results

Your Work ctrl+0 = Internetworks Import a simple VANET network fram SUMO and simulate it in NetSim.

Cellular Networks

> >
Simple scenario

> Advanced Routing
> Moabile Adhoc Networks
> Software Defined Networks Network layer protocal: DSR

) Application type: BSM =
> 1 IOT-WSN
> | Cognitive Radio Networks
> LTEand LTE-A
v

VANETs

Examples

Experiments

V' SUMO manhattan mobility

Single hop communication — T4 o
Multi hop communication
License Settings Vehicles and RSUs :
Exit Alt+F4 CCH Time Analysis \ \
SUMO Vehicles in closed loop
> Satellite Communication - o

> 56 NR

Ready to simulate scenarios to understand the working of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on a tile in the
middle panel to load the simulation. Click on the book icon on the left (Example Simulations) panel to view documentation (pdf)

Support Learn Documentation Contact Us
Email - sales@tetcos.com
Phone - +91 767 605 4321
Website

Figure 4-1: List of scenarios for the example of Simple Scenario

This scenario involves a simple road traffic network scenario as shown below:

Figure 4-2: Network topology in Sumo
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An equivalent network is created in NetSim by importing the SUMO configuration file as shown
below:

In NetSim the TCP/IP stack parameters of the devices are configured along with network traffic
between vehicles.

e e e e S S S
Ad h&::\\hnk ™~ C:jq

[
R

ve};',ﬂe_‘a Vehicle 4
~

Wehicle 3 Nehicle_1

Figure 4-3: Network set up for studying the Simple Scenario
After running the simulation, NetSim Animation can be used to visualize packet flow and

vehicle mobility along with packet information and throughput plots.

=

[ NetSiem - Plotz
[ -, . e 7
" L Simulation Time Micro Sec Animats

Figure 4-4: Packet animation window and link throughput plot

Simulation results dashboard provides the performance metrics of protocols running in
different layers of the network stack of the devices.
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[H Simulation Results - x

Link_Metrics

Application_Metrics [] Detailed View | TCP_Metrics [] Detailed View
Queue_Metrics
Application|d  Throughput Plot Application Name  Packetgenerated  Packet receivex| Source Destination ~ SegmentSent  SegmentReceived AckSent AckReceived  Duplicat
TCP_Metrics
- 1 Application Throughput plot  App1 BSM 99 99 VEHICLE 1 ANY_DEVICE 0 0 0 0 0
1P_Metrics VEHICLE2  ANY_DEVICE 0 0 0 0 0
# IP_Forwarding Table VEHICLE3 ANY_DEVICE 0 0 0 0 0
DSR Metrics VEHICLE 4 ANY_DEVICE 0 0 0 0 o
IEEEB02.11_Metrics VEHICLES ANY_DEVICE 0 0 0 0 0
Battery model
Application_Metrics
v Plots
> Link_Throughput
> Application_Throughput
< > ¢ >
Link_Metrics [] Detailed View | Queue_Metrics [ Detailed View
Export Results (xls/.csv) Packet_transmitt.. Packet errored  Packet_collided Device_id  Port_id Queued_pa.. Dequeued_.. Dropped_p..
) Link id  Link throughput plot
Print Results (.html) Data Control Data Control Data Control
Al NA 9% 9 0 0 0 0
1 Link throughput 9% 9 0 0 0 0

Neo content in table

Restore To Qriginal View

Figure 4-5: Result Dashboard

4.2 Vehicles and RSUs

Open NetSim and Select Examples->VANETs->Vehicles and RSUs then click on the tile in
the middle panel to load the example as shown in below screenshot

[ Netsim Home - @ X

NetSim Standard
Network Simulation/Emulation Platform
Version 13.1.19 (64 Bit)

New Simulation Ctl+N  Example Simulations Vehicles and RSUs Results
Your Work a0 Internetworks ¢ Understanding the working of V2V and V2| communication in VANETs involing
Cellular Networks i R5Us.
| Examples Advanced Routing Vehicles and RSUs

Mobile Adhoc Networks

>
>
>

Experiments =

> Software Defined Networks 1

>

>

>

v

Scenario involves a simple road traffic
Metwork layer protocol: DSR

10T-WSN
Cognitive Radio Networks
LTE and LTE-A &
VANETs

V' SUMO manhattan mability

Single hop commurnication

Multi hop communication
NetSim VANET supports V2V and V2| communication. RSU's

Simple Scenario are now part of the GUI environment and can be dropped in
License Settings Vehicles and RSUs addiion fo importing Vehicles from a SUMO configuration
- Traffic can be configured between vehicles(V2V) and between
Exit Alt+F4 CCH Time Analysis vehicles and RSU's (V21).
SUMO Vehicles in closed loop
> Satellite Communication
> 1 SGNRT
Ready to simulate scenarios to understand the warking of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on a tile in the
middle panel to load the simulation. Click on the book icon on the left (Example Simul panel to view d ion (pdif).
Support Learn Documentation Contact Us

Answer/FAQ Video: User Manual Email - sales@tetcos.com
g rar Phone - +91 767 605 4321
So e Help Website : www.tetcos.com

Figure 4-6: List of scenarios for the example of Vehicles and RSUs

t@tetcos.com

NetSim VANETs module supports V2V and V2| communication. RSU's are now part of the
GUI environment and can be dropped in addition to importing Vehicles from a SUMO
configuration. Traffic can be configured between vehicles(V2V) and between vehicles and
RSU’s (V2I).
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This scenario involves a simple road traffic network scenario as shown below:

Figure 4-7: Network topology in Sumo

An equivalent network is created in NetSim by importing the SUMO configuration file as shown

below:

{_Broadcast

RSU6 Vehicle 4

Figure 4-8: Network set up for studying the Vehicles and RSUs
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After importing the SUMO configuration file in NetSim, RSU’s were added at junctions. In
NetSim the TCP/IP stack parameters of the devices are configured along with network traffic
between vehicles and between vehicles and RSU’s.

After running the simulation, NetSim Animation can be used to visualize packet flow and
vehicle mobility along with packet information and throughput plots.

i —

= -

> ] =4 |® @ E
[ ] 1001057.000. —e View More »
Siop Simulation Time Micro Sec ‘Aremation Speed Drsplay Settings:

Link_1_Throughput (8i-directional Aggregated)
= o # = o = -
ks

i/f

- ; _ 5 . -

..... . B ]|
P . ‘
L / | | . Wi

| Waeproses || | Grid ne @ £ |
o< Reaeee ol M iy |

. . — 5 m
a B4 2er 1 g B M- ‘
B4 dop1 CBR-1 p1.CBE-1 20 |

=8

R ————
] \\\_\J«q“r‘ﬂqﬂ i

Figure 4-9: Packet animation window and link throughput plot
Simulation results dashboard provides the performance metrics of protocols running in
different layers of the network stack of the devices.

Simulation Results — x
Link_Metrics
- Application_Metrics [] Detailed View | TCP_Metrics [] Detailed View
Queue_Metrics
Application | Throughput Plot Application Name  Packetgenerated  Packetreceive | Source  Destination  SegmentSent  SegmentReceived  AckSent  AckReceived  Duplicat
TCP_Metrics
- 1 (Aggregated)  Application Throughput plot  Appi_CER 100 480 VEHICLE_1  ANY_DEVICE 0 0 0
P_Metrics 1 Applicotion Throughput plot  App1_CBR 100 9% VEHICLE.2 ANY_DEVICE 0 0 0 0 0
» IP_Forwarding_Table 1 Application Throughput plot  AppT CER 100 9% VEHICLE 3 ANY DEVICE 0 0 0 0 0
UDP Metrics 1 Application Throughput plot  App_CER 100 9% VEHICLE 4 ANY DEVICE 0 0 0 0 0
DSR Metrics .
1 Applicotion Throughput plot  Appi_CER 100 9% RSUS ANY_DEVICE 0 0 0 0 0
IEEEB02.11_Metrics 1 Application Throughput plot  App1 CBR 100 96 RSU6 ANY DEVICE 0 0 0 0 0
Battery model 2 Application Throughput plot  App2 BSM 99 99
v Pplots 3 Application Throughput plat  App3_BSM % 99
* Link_Throughput
> Application_Threughput
< » < >
Link_Metrics [] Detailed View | Queue_Metrics [] Detailed View

Export Results (.xls/.csv)

Packet_transmitt.. Packeterrored  Packet_collided Deviceid  Port id Queued_pa.. Dequeued .. Dropped p..
X Link id  Link_throughput plot
Print Results (.html) Data Control Data Control Data Control
Al NA 686 198 0 0 8 0
1 Link throughput 685 198 0 0 8 0

No content in table

Restore To Original View

Figure 4-10: Result Dashboard
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4.3 CCH Time Analysis

Open NetSim and Select Examples->VANETs->CCH Time Analysis then click on the tile in
the middle panel to load the example as shown in below screenshot

=
NetSim Standard

Version 13.124 (64 Bit)

New Simulation Cul+N  Example Simulations CCH Time Analysis Results

Your Wark Ctls0 nternetworks QObserve BSM data transmission throughput on CCH by varying the CCH time

Examples Cellular Networks

CCH time 30000y CCH time 50000ps CCH time T0000ps
Advanced Routing
Experiments Mabile Adhac Networks

—— Network layer protocok: DSR | | Network layer protocol: DSR | | Network layer protocok: DSR

: § CCH-Time: 300004 CCH-Time: 50000k CCH-Time: 70000us
Cognitive Radio Networks Mobility model: Sumo Mobility modet Sumo Mobility modek: Sumo
TE and LTE-A
- VANETs
4 SUMO manhattan mobility

single hop communication
Multi hop commurnication

Simple Scenario

vehicles and R5Us

CCH Time Analysis

smv:o Vehicles in f\nsec loop CCH_Time Throughput
zaﬁti:e Communication I 'micro seconds Mbps
License Settings 30000 0.64
Bt Alt-Fa 50000 0.93

70000 1.15

Ready 1o simulate scenarios to understand the working of the different technolagy libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on a tike in the middle panel to load the simulation. Click on the
book icon on the left (Example Simulations) panel to view documentation (pef).

Support Leam Documentation Comtact Us

Email - sales@tetcos.com
Phone - +81 767 605 4321
Website

Figure 4-11: List of scenarios for the example of CCH Time Analysis

This scenario involves a simple road traffic network scenario as shown below:

||

Figure 4-12: Network topology in Sumo
An equivalent network is created in NetSim by importing the SUMO configuration file as shown
below:
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Wehicle—2

Vehicle_1

Figure 4-13: Network set up for studying the CCH Time Analysis
Settings done for this sample experiment:

= In INTERFACE_1(WIRELESS) > Data Link Layer, CCH_TIME = 30000(Microsec)

|x}i Vanet_Wirelessnode *

Vanet_Wirelessnode > NETWORK_LAYER

GENERAL v DATALINK_LAYER
Protocol IEEE1609

APPLICATION_LAYER rotoce
CCH_Time(Microsec) | 30[]0[1 |

TRANSPORT_LAYER
SCH_Time(Microsec) | 100000 |

METWORK_LAYER
Guard_Time({Microsec) | 100 |

INTERFACE_1 (WIRELESS)
Secendary_Protocol IEEEB02.11
Rate_Adaptation | FALSE - |
Short_RetryLimit | 7 |
Dot11_RTSThreshold | 3000 |
Long_RetryLimit | 4 |
MAC_Address AF1D0000D0101
Medium_access_protocol | DCF - |
Bss Type INFRASTRUCTURE

oK Reset

Figure 4-14: Datalink Layer for Vehicle
= Set Application BSM (Basic_Safety Message) with 3Mbps generation rate.
o Packet size: 100 Bytes
o |AT: 266 (Microsec)
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= |n Vehicle General Properties, under SUMO file Configuration.sumo.cfg file was selected
from the Docs folder of NetSim Install Directory
C:\Program Files\NetSim\Standard_v13_1\Docs\Sample_Configuration\VANET\CCH

| f." Yanet_Wirelessnode b4
Vanet_Wirelessnode ¥ GENERAL
GENERAL Device Mame | Wehicle_2 |
Type NODE
APPLICATIOM_LAYER
Device Type VANET_WIRELESSNODE
TRANSPORT_LAYER
X/ Llon | 86.85 |
NETWORK_LAYER
Y/ Lat | 03.33 |
INTERFACE_1 (WIRELESS) 7
WireShark Capture | Disable hd |
Interface Count 1
Mability_Model | SUMO 'I
Sumo File | Ch\Users\Hanuman\AppData‘Local\Tem |
Step Size | 0.4 |
CK Reset

Figure 4-15: General Properties window for vehicle

« A » ThisPC » Local Disk (C) » Program Files » MetSim » Pro_v13_1 » Docs » Sample_Configuration » VANET » CCH » CCH Time 30000us
~
Mame Date modified Type Size
3 Quick access N
| | Cenfiguration.netsim 30-10-2021 13:00 METSIM File 18KE
# OneDrive - Personal Configuration.sumo.cfg 30-10-2021 13:00 CFG File 1KB
= i 30-10-2021 12:00 1
I This PC |5 DevicePlacementtet 30-10-2021 13:00 Text Document TKB
. B file settingsxml 30-10-2021 13:00 XML File 1KB
- 3D Objects . . -
E Metricscml 30-10-2021 13:00 XML File 15KB
B Desktop B network.netxml 30-10-2021 13:00 XML File 11KB
=] Documents E RoadsPlacement.tct 30-10-2021 13:00 Text Document 1KB
& Downloads E vehicle.rouxml 30-10-2021 13:00 XML File 1KB
J‘! Music

Figure 4-16: CCH Time Analysis Example folder
= Enable Packet trace and plot option.
= Run simulation and note down the number of data packets transmitted (BSM Packets)
from Packet Trace by filter PACKET_TYPE to Basic_Safety Message and throughput.
= For Same Scenario User need to Modify the CCH_TIME to 50000, 70000 microseconds
respectively.

= Run the Simulation and Note down the Throughput.
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CCH_Time Throughput
(micro seconds) (Mbps)
30000 0.64
50000 0.93
70000 1.15

Table 4-1: Different CCH time vs. Throughputs
Remarks: The BSM application is transmitted on CCH. Hence as we increase the CCH time,

the throughput of the BSM application increases.

4.4 SUMO Manhattan Mobility with Single and Multi-hop
Communication

Introduction

The Manhattan mobility in SUMO features a grid topology as shown below. It is composed of
a number of horizontal and vertical streets. Each street has two lanes for each direction (North
and South direction for vertical streets, East and West for horizontal streets). The mobile node
is allowed to move along the grid of horizontal and vertical streets. At an intersection of a
horizontal and a vertical street, the mobile node can turn left, right or go straight with certain

probability.

A A A

L e —

:ﬁ.

J

%

%

N

A 4

2. S

i

Figure 4-17: Manhattan mobility in SUMO features a grid topology
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Case 1: Manhattan mobility Single-hop RSU to vehicles

Objective

To create, using SUMO, a Manhattan Road network in which vehicles drive randomly, and to
have a Roadside unit (RSU) which sends safety messages continuously to vehicles

continuously. The network performance is analyzed for different environments each having
different RF channel characteristics.

Procedure

Open NetSim and Select Examples-> VANETs-> SUMO Manhattan mobility-> Single hop
communication then click on the tile in the middle panel to load the example as shown in

below screenshot

W]

NetSim Standard
Network Simulation/Emulation Platform ﬁ
Version 13.1.24 (64 Bt}

New Simulation CulsN Example Simulations Single hop communication Results
‘Your Work Cui:0 ntemetworks Create the following scenario using SUMO: 2 "Manhattan™ Road network in which vehicles drive
T Cellular Networks randomly, and a Roadside Unit that sends safety messages continuously to vehicles. Observe network — EP— R

performance for different RSU broadast rates,
Advanced Routing

Experiments. Mobile Adhoc Networks RSU 1.2Kbps - -I I

==

OT-WSN
Cognitive Radio Netwarks 1

Network layer protocol: DSR Network layer protocol: DSR
LTE and LTE-A Path-loss exponent: 2.5, 3, 35,4 | | Path-loss exponent: 2.5, 3, 35,4

4 7 VANETs Transport protoca UDP Transport protocol: UDP e e I—
4 SUMO manhattan mobility I I |

Single hop communication

Multi hop communication

RSU broadcast dataRate 9.6Kbps
Simple Scenario

Vehicles and R5Us
CCH Time Analysis Network layer protocol: DSR
Path-loss exponent: 2.5, 3, 35,4
Transpart protocol: UDP

SUMO Vehicles in closed loop
Satelite Communication .
5G NR

License Settings

Bt AltsF4
Ready to simulate scenarios to understand the warking of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then elick on a tile in the middle panel ta load the simulation. Click on the
Book icon on the left (Example Simulations) panel to view documentation (pdf),

Support Learn Documentation Contact Us

Email - sales@tetcos.com
Phone - +31 767 605 4321
Website © cos.com

Figure 4-18: List of scenarios for the example of Single hop communication

The NetSim Ul would display as shown below.
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Figure 4-19: Network set up for studying the Single hop communication

Settings done for this sample experiment.

1. Applications set as CBR (Broadcast application)

Application  Application = APP_Name Source_ID Destination_ID Packet_ Inter-
Method Type Size L
(Bytes) Time (ps)
Broadcast CBR APP_1 _CBR_ 21 Broadcast to = 300 2,000,000
Broadcast all 20
vehicles

Table 4-2: CBR Applications Settings
2. Transport protocol set as UDP in application Configuring window.

3. Adhoc link/Wireless link properties were set as follows:

Channel characteristics Pathloss Model Pathloss Exponent
Pathloss Only Log Distance 2.5

Table 4-3: Wireless link properties
4. Plots and packet trace are enabled and run simulation and observe the movement of the
vehicles in the packet animation window.
5. In Netsim packet animation window, you can see that vehicles choose random directions
when they reach a junction in the Manhattan grid network.
6. Increase the pathloss exponent (in the order 2.5, 3, 3.5, 4) and note down the aggregate

throughput and packets received for different application generation rates.
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Figure 4-20: Animation Window for NetSim
With play and record animation enabled, same can be observed in SUMO as follows:

[&] manhattansume.cfg - SUMO 1.20 - x
[ Fle Edit Seitings Locate Simulation Windows Help = & X

=) ] e [ RIEEE | ooy no: [ 1002 Gt L] scale T 13| || =
$ AR & Poms O =

el v

cfg' loaded. & 20| [x283.40, y:798.57 x:283 40, y:798.57

Figure 4-21: Animation Window for Sumo

Results and Observations

For sample RSU Broadcast Data Rate = 1.2 Kbps (Packet size = 300 bytes, IAT

2,000,000pus. This means packets of size 300 Bytes are sent every 2 seconds)

Environment

Path-loss Packets Received Throughput (Kbps)
Exponent Al
Open Rural Area 2.5 1000 24
Urban Area 3 232 5.59
Dense Urban Area 3.5 100 2.4
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Very Dense Urban

Area with Shadowing 4 40 0.96

Table 4-4: Results Comparison for RSU Broadcast Data Rate = 1.2 Kbps
* Aggregate is the sum of the packet/throughputs obtained by all applications.

For sample RSU Broadcast Data Rate = 2.4 Kbps (Packet size =300 Bytes, IAT =
1,000,000ps or 1 seconds. This means packets of size 300 Bytes are sent every second)

Environment Path-loss Exponent FEE D (ROEEITEE] ML TRl (K 25
(Aggregate) (Aggregate)

Open Rural Area 2.5 1980 47.52

Urban Area 3 463 11.11

Dense Urban Area 3.5 197 4.72

Very Dense Urban Area 4 79 189

with Shadowing
Table 4-5: Results Comparison for RSU Broadcast Data Rate = 2.4 Kbps

For sample RSU Broadcast Data Rate = 9.6 Kbps (Packet size =300Bytes, IAT =250,000us

or 0.25 seconds. This means four Packets of size 300 Bytes are sent every second)

Environment Path-loss Exponent el e e Ul el )
(Aggregate) (Aggregate)

Open Rural Area 2.5 7980 191.52

Urban Area 3 1857 44.56

Dense Urban Area 3.5 791 18.98

Very Dense Urban Area
with Shadowing

Table 4-6: Results Comparison for RSU Broadcast Data Rate = 9.6 Kbps

4 316 7.58
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Figure 4-22: Plot of Throughput vs. Pathloss Exponent for different RSU broadcast for different DR
(Data Rates)
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Case 2: Manhattan mobility Multi-hop Vehicles to RSU

Objective

To create, using SUMO, a Manhattan Road network in which vehicles drive randomly, and to

have a Roadside unit (RSU) to which vehicles continuously send unicast traffic via multi-hop

(hopping via other vehicles if the RSU is beyond communication range). The network

performance is analyzed for different vehicle counts.

Procedure

Open NetSim and Select Examples-> VANETs-> SUMO Manhattan mobility-> Multi hop

communication then click on the tile in the middle panel to load the example

]

NetSim Standard

Network Simulation/Emulation Platform
Version 13.1.24 (64 Bit)

New Simulation
Your Werk
Examples

Experiments

License Settings

Exit

Support

CirlsN  Example Simulations

Cul+0

Alt+F4

Intermetworks

Cellular Networks
Advanced Routing
Mobile Adhoc Networks
I0T-WSN G

Cognitive Radio Networks
LTE and LTE-A

4 | VANETs

SUMOC manhattan mobility
Single hop communication

Simple Scenario

Vehicles and RSUs

SUMO Vehicles in closed loop

SGNR

Leam

Multi hop communication

Create the following scenario using SUMC: 2 "Manhattan™ Road network in which vehicles drive
randomly, and a Roadside Unit that sends safety messages continucusly to vehicles. Observe network

performance for different vehicle counts.

10 Vehicles

Metwork layer protocol: DSR
Mo. of Vehicle: 10

20 Vehictes

Metwork layer pratocol: DSR
M. of Vehicle: 20

30 Vehicles

Netwark layer protocol: DSR.
No. of Vehicle: 30

40 Vehicles

Network layer protacol: DSR
No. of Vehicle: 40

50 Vehicles

Network layer pratocol: DSR
M. of Vehicle: 50

60 Vehicles

Netwark layer protocol: DSR
No. of Vehicle: 60

70 Vehicles

Network layer protocol: DSR
Mo. of Vehicle: 70

Documentaticn

The NetSim Ul would display as shown below.
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Results
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Contact Us
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Figure 4-23: List of scenarios for the example of Multi hop communication

Throughput (Kbps)
(Aggregate)”
4098.74

4037.54

4160.18

4454 28

5154.85

3988.72

4403.94

Ready to simulate scenarios to understand the working of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on a tile in the middle panel to load the simulation. Click on the
book icon on the left (Example Simulations) panel to view documentation (pdf).
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Figure 4-24: Network set up for studying the Multi hop communication

Settings done for this sample experiment.

1. Applications set as CBR.

Application Application Source_Id Destination_Id Packet Inter-Arrival Time

Method Type size (us)
Bytes
Unicast CBR (All vehicles) RSU 1460 20,000
Table 4-7: CBR Applications settings

2. In Vehicle General Properties, under SUMO file manhattan.sumo.cfg file was selected from
the Docs folder of NetSim Install Directory < C:\Program Files\NetSim
Standard\Docs\Sample_Configuration\VANET\SUMO-Manhattan-mobility-Single-hop-

and-Multi-hop\Multi-hop-communication>
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m Vanet_Wirelessnode =
Vanet_Wirelessnode ¥ GENERAL
GENERAL Device Name ‘ 1.0 ‘
Type NODE
APPLICATION_LAYER
Device Type VANET_WIRELESSNODE
TRANSPORT_LAYER
X/ Llon ‘ 681.6 ‘
NETWORK_LAYER
Y/ Lat ‘ 48,19 ‘
INTERFACE_1 (WIRELESS) 7
WireShark Capture ‘ Disable - ‘
Interface Count 1
Maobility_Model ‘ SUMO - ‘
I Suma File | k:\Us ers\Hanuman\AppData\Local\Tem I
Step Size ‘ 0.4 ‘
CK Reset

Figure 4-25: General Properties window
3. Transport protocol set as UDP in application Configuration window.
4. Adhoc link/ Wireless link properties set as follows:
Channel Pathloss Model Pathloss Exponent

Characteristics
Pathloss_Only Log Distance 2.5

Figure 4-26: Wireless link properties
Co-ordinates of RSU are set as X =450, and Y =450
Network layer routing protocol is set as DSR.

Plots are enabled and run the simulation.

© N o o

Increase the number of vehicles in the order 10, 20, 30 etc. and note down the aggregate

throughput.
Result:

Number of vehicles Throughput*(Kbps)
(Aggregate)

10 4098.74
20 4037.54
30 4160.18
40 4454.28
50 5154.85
60 3988.72
70 4403.94

Table 4-8: Results Comparison
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*Aggregate is the sum of the packet/throughputs obtained by all applications.
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Figure 4-27: Aggregate Throughput vs. Number of Vehicles
4.5 SUMO Interfacing with vehicles moving in a closed

Open NetSim and Select Examples->VANETs-> SUMO Vehicles in closed loop then click

on the tile in the middle panel to load the example as shown in below screenshot

3 Netsim Hor
NetSim Standard

Network Simulation/Emulation Platform

Version 121,19 (64 Bif)

New Simulation Ctrl+N

Your Work Ctrl+O
I Examples

Experiments

License Settings

Exit Alt+F4

Support

Email - support@tet

5.C0mM

Example Simulations
Internetworks [
Cellular Networks i
Advancad Routing
Mabile Adhoc Networks -
Software Defined Networks ©
IOT-WSN &
Cognitive Radio Networks
LTE and LTE-A ©=
VANETs

V' SUMO manhattan mobility

Single hop communication

<V VVVVVVYVY

Multi hop eommunication
Simple Scenario
Vehicles and RSUs
CCH Time Analysis
> Satellite Communication
> 5G NR @

SUMO Vehicles in closed loop

Study network performance as vehicles mave in the closed-loop hexagonal path.

Involves NetSim SUMO interfacing.

SUMO vehicles in closed loop

Network layer protocol: DSR
Transport protocol: WSMP
Mobility model: Sumo
Medium access protocol: DCF

Results

According to SUMQ, the road network consists of ‘Edges’
and “Junctions’. The re-router (a device in SUMO and is
not o be confused with Routers available in NetSim)
established in the edge will re-route the vehicle from one
edge to other after one successful revolution through the
road network. The presence of a single re-router will
forward the vehicles from one edge to other and then the
vehicle eventually stops its movement.

Ready to simulate scenarios to understand the working of the different technology libraries in NetSim. Expand and click on the file name to display simulation examples. Then click on  tile in the

middle panel to load the simulation. Click on the book icon on the left (Example Si

Learn

Videc

Experiment Manual

panel to view doc

Documentation

User Manual

Sourcy Help

Contact Us

Email - sales@tetcos.com
Phone - +91 767 605 4321
Website : www.tetcos.com

Figure 4-28: List of scenarios for the example of SUMO Vehicles in closed loop

The NetSim Ul would display as shown below.
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Figure 4-29: Network set up for studying the SUMO Vehicles in closed loop
Settings done for this sample experiment:

1. Applications set as BSM (Basic_Safety Message)

Packet_Size Inter-Arrival Time

APP_ID Source_ID Destination_ID

1 6 (RSU) 100 2,000,000
2 6 (RSU) 100 2,000,000
3 6 (RSU) 100 2,000,000

Table 4-9: CBR Applications settings
2. Transport protocol set as WSMP for all applications in Application window.
3. In Vehicle General Properties, under SUMO file Configuration.sumo.cfg file was selected
from the Docs folder of NetSim Install Directory < C:\Program Files\NetSim

Standard\Docs\Sample_Configuration\VANET\SUMO-Vehicles-moving-in-closed-loop >
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m Vanet_Wirelessnode x
Vanet_Wirelessnode ¥ GEMERAL
GENERAL Device Name ‘ carflowd ‘
Type NODE
APPLICATION_LAYER
Device Type VANET_WIRELESSMODE
TRANSPORT_LAYER
X/ Llen ‘ 174.32 ‘
NETWORK_LAYER i
¥ [ Lat ‘ 276.58 ‘
INTERFACE_1 {WIRELESS) 7
WireShark Capture ‘ Disable - ‘
Interface Count 1
Mability_Model ‘ SUMO A ‘
Sumo File ‘ C\Users\Hanuman\AppData‘lLocal\Tem I
Step Size ‘ 0.4 ‘
oK Reset

Figure 4-30: General Properties window

4. Adhock link/Wireless link properties were set as follows:

Channel Characteristics Pathloss Model Pathloss Exponent

Pathloss_Only Log Distance 2
Table 4-10: Wireless link properties

5. Medium access protocol set as DCF in all vehicles and RSU.

6. Enable Plot and Run simulation and observe the movement of the vehicles in the packet
animation window.

7. After the simulation, in NetSim Packet Animation window, we can see that vehicles are
moving continuously through the closed-loop hexagonal path till the given end time.
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Result:
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Figure 4-31: Packet animation window for NetSim

With play and record animation enabled, same can be observed in SUMO as well

[ hex.sumeo.cfg - SUMO 1.2.0 - X
[& Fie Edit Settings Locote Simulation Windows Help -l &

=@ 0 ] Tve: [ | ooy o [ 02 4 0 ] scaleToffc ==
& AR/ @ Patmr | O
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hex.add.xml'.. done (21ms).

Loading add
Loading don
Simulation s
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=
=

5| [x:140.39, y:228.84 %:140.39, y:228.84

Figure 4-32: Animation window for Sumo
According to SUMO, the road network consist of ‘Edges’ and ‘Junctions’. The re-router (a
device in SUMO and is not to be confused with Routers available in NetSim) established in
the edge will re-route the vehicle from one edge to other after one successful revolution
through the road network. The presence of a single re-router will forward the vehicles from one
edge to other and then the vehicle eventually stops its movement. Hence, two re-routers have
been established in two edges which re-routes the vehicle from one edge to other. The above

road network consists of six edges in which re-routers are established in the starting and
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ending edges, which re-routes the vehicles present in the network from starting edge to the
finishing edge after one complete revolution through the road or path. As a result, the vehicles
will move through the closed loop continuously, until the end time configured in the

configuration file.

In the animation window, we can observe that the vehicles will start from a point in one of the
edges, moves through other five edges and finally reach back the point where it started. At
this point, the re-router will direct the vehicles to the next edge. This cycle will continue till the

end time configured.

The RSU configured in the network will allow V2I communication. Per the application
configuration a 100 bytes packet is transmitted from vehicle to RSU every 2 seconds. This can

also be observed in the packet trace.

5 Reference Documents

= |EEE 802.11p 2010. Wireless Access for Vehicular Environments
= |EEE1609: Standards for Wireless Access in Vehicular Environment (WAVE)

6 Latest FAQs

Up to date FAQs on NetSim’s VANETS library is available at
https://tetcos.freshdesk.com/support/solutions/folders/14000118424
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