NetSim®

Accelerate Network R & D

Vehicular Adhoc Networks
(VANETS)

A Network Simulation & Emulation Software

Ver 13.0 Page 1 of 47



The information contained in this document represents the current view of TETCOS LLP on
the issues discussed as of the date of publication. Because TETCOS LLP must respond to
changing market conditions, it should not be interpreted to be a commitment on the part of
TETCOS LLP, and TETCOS LLP cannot guarantee the accuracy of any information presented
after the date of publication.

This manual is for informational purposes only.

The publisher has taken care in the preparation of this document but makes no expressed or
implied warranty of any kind and assumes no responsibility for errors or omissions. No liability
is assumed for incidental or consequential damages in connection with or arising out of the
use of the information contained herein.

Warning! DO NOT COPY

Copyright in the whole and every part of this manual belongs to TETCOS LLP and may not be
used, sold, transferred, copied or reproduced in whole or in part in any manner or in any media
to any person, without the prior written consent of TETCOS LLP. If you use this manual you
do so at your own risk and on the understanding that TETCOS LLP shall not be liable for any
loss or damage of any kind.

TETCOS LLP may have patents, patent applications, trademarks, copyrights, or other
intellectual property rights covering subject matter in this document. Except as expressly
provided in any written license agreement from TETCOS LLP, the furnishing of this document
does not give you any license to these patents, trademarks, copyrights, or other intellectual
property. Unless otherwise noted, the example companies, organizations, products, domain
names, e-mail addresses, logos, people, places, and events depicted herein are fictitious, and
no association with any real company, organization, product, domain name, email address,
logo, person, place, or event is intended or should be inferred.

Rev 13.0 (V), March 2021, TETCOS LLP. All rights reserved.

All trademarks are property of their respective owner.

Contact us at

TETCOS LLP

# 214, 39" A Cross, 7" Main, 5th Block Jayanagar,
Bangalore - 560 041, Karnataka, INDIA.

Phone: +91 80 26630624

E-Mail: sales@tetcos.com

Visit: www.tetcos.com

Ver 13.0 Page 2 of 47


mailto:sales@tetcos.com
http://www.tetcos.com/

Table of Contents

I 101 o Yo 10 T2 1o o 4

P2 T 1 1 11 F= 1T o R 1 U 6

P B O (== (=S L= = o LR 6

2.2 Devices specific to NetSim VANETS Library.........ccccooeeeiiiiiiiiiieeiieeeeeen 7

2.3 Set Node, Link and Application Properties.........cccooeooiiiiiiiiiiiiieie i, 8

2.4 Enable Packet Trace, Event Trace & Plots (Optional) .........ccceevviiiiiiiiiiiiiieen. 10

2.5 RUN SIMUIALION ... 11

BT |1 U Yo [=Y B = 1= 13

3.1 Implementation of the 802.11p in NetSim ... 13

3.2 DSRC Channels: CCH and SCH ... 13

3.3 BSM APPICAtION....ciiiiiiiiiiie e 14

3.4  NetSim — SUMO interfaCing ........uuuuc s 14

3.5 How to create a VANET using SUMO and simulate with NetSim........................ 15
3.5.1 Using SUMO NetEdit utility and randomtrips.py to configure road traffic

170 LY T 15

3.5.2 Creating your own network in SUMO manually.................c.ooeeeeeeen. 22

3.6 How to include Roadside Units (RSU’s) in a VANET network? ...........ccccoveeeeeenn. 25

4 Featured EXamMPIES ........ccoiiiiiiiiceccis s irrrsicescs s e s s s s s s s s s s s s s nmm s s s e e e e e nmnn e s s e e e e nnnnn 28

4.1 SIMPIE SCENAIO ..o eeeeeeee e 28

4.2 Vehicles and RSU'S ....coooiiiiiii et e e e 30

4.3 CCHTIMe INterval.......cooooiiiiii 33

4.4 SUMO Manhattan Mobility with Single and Multi-hop Communication.................. 35

4.5 SUMO Interfacing with vehicles moving in a closed l0op.............ccoeeeeieeiin. 43

5 Reference DOCUMENLS .........oooiiiiiiimmimmiiiiinsssrns s sssss s s ssnnnees 47

L T 1 == B - 47

Ver 13.0 Page 3 of 47



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 13.0.17 (64 Bit)

New Simulation Ctri=N Current workspace: NetSim_13.0.17_64_std_default

Choose a Network
Your wark Cirl+0 | A
€1 Internetworks (Base) i) € Legacy Networks €4 Mobile Adhoc Networks i
Features Pure Aloha, Slotted Aloha, GSM and CDMA.
Legacy Networks run stendalone and do not interface
with Internetworks library

Examples Ciri+E Festures TCP, 1P, Routing, WiFi, Ethemet RF
Propagation, Application Models, Network Stack
Simulation Kernel, Animator and Plot Engine

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

€| Wireless Sensor Networks wl €| Internet of Things w & Cognitive Radio Networks it
802.15.4 MAC/PHY with MANET Routing Features WSN, RPL and 6LoWPAN with MANET routing Based on 80222 standard and interfaces with
IoT interfaces with Internetworks library Intemetworks library
License Settings
Exit Alt+F4
@] LTE/LTE-A wl €| Vehicular Adhoc Networks w 0] 56 NR it
Based on 3GPP 36 series standards, LTE/LTE-A interfaces Based on IEEE1609 Wave and IEEEB02.11p with MANET Based on 3GPP 38 series standards. 5G NR interfaces
with Internetworks fbrary routing. VANETs interface with Internetworks ibrary with Internetworks library
and SUMO
11 Satellite Comm. Networks e
Features Geo stationary satellite, TOMA in Ku Band and v
Support Learn Documentation Contact Us

User Manual Email - sales@tetcos.com
Te br: Phone - -1 767 6054321

hnical Suppart
Email - support@tetcas.com

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”.

n‘i Sumo Configuration File selection b d

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

0K 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.
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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 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 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 I[P and MAC
Addresses.

Roadside Unit (RSU): A devices which is used for V21 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.

| _ . - 4'% Adhoc Link
O W OB ® e @
e BN, Y /" Wired/Wireless

Mode Access_Point L2 _Switch Router Vehicle R5U Links

Figure 2-3: VANET Library Device Palette in GUI
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2.3 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 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.

[ Vanet_Wirelessnode [m| X

Vanet_Wirelessnode LAl EIWCRISCOER

¥ DATALINK_LAYER

GEMERAL Protocol |IEEE1609
APPLICATION_LAYER CCH_Time(Microsec) | 100000 |
TRANSPORT_LAYER SCH_Time{Microsec) | 100000 |
NETWORK_LAVER Guard_Time(Microsed) | 100 |
Secondary_Protocol |IEEEB02.11
Rate_Adaptation | FALSE - |
Short_RetryLimit | 7 |
Dot11_RTSThreshold | 3000 |
Long_RetryLimit | 4 |
MAC_Address AF1D00000201
Medium_access_protocol | DCF - |
Bss Type INFRASTRUCTURE

» PHYSICAL_LAYER

OK Reset

Figure 2-4: Vanet > Datalink layer Properties Window
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wi Vanet_Wirelessnode O

Vanet_Wirelessnode EAbEIWCRISLOVER

» DATALINK_LAYER

SEERL ¥ PHYSICAL LAYER

APPLICATION_LAYER Protocol IEEE1609

TRAMSPORT_LAYER Secondary_Protocol IEEEBD2.11

NETWORK_LAYER Standard | IEEEBD2.11p - |
Transmission_Type OFDM

Transmitter_Power(mW) | 40 |

Antenna Gain(dBi) | 1 |

Antenna Height{m) | 1 |

SIFS{Microsec) 16

Frequency_Band(GHz) 5.0

Bandwidth({MHz)

CCA Mode ENERGY_DETECTION

SletTime{Microsec) a9

Standard_Channel_SCH | 172_5860 A |

Standard_Channel_CCH | 178_5890 A |
oK Reset

Figure 2-5: Vanet > Physical layer Properties Window

[ ¥ Vanet_Wirelessnode O
Vanet_Wirelessnode EahEIWORKCIAYR
» DATALINK_LAYER
SEEL W PHYSICAL LAYER
APPLICATION LAYER G _Min 13
CW_Max 1023
TRANSPORT_LAYER
Reference Distance d0(m) | 1 |
NETWORK_LAYER
Connection_Medium 'WIRELESS
POWER
PowerSource | Battery - |
EnergyHarvesting | On A |
RechargingCurrent{mA) | 0.4 |
InitialEnergy(mAH) | 0.5 |
TransmittingCurrent{mA) | 88 |
ldleMadeCurrent{ima) | 33 |
Voltage(V) | 36 |
ReceivingCurrent(ma) | 9.6 |
SleepModeCurrent(mA) | 0.237 |
0K Reset

Figure 2-6: Vanet > Physical layer Properties Window > Battery Model
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= Click on the Application icon present on the ribbon and set properties. Multiple

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

K4 Plots
ey i >
@ﬁ @ Packet Trace
Application O{, Event Trace Run

Figure 2-7: Application icon present on top ribbon

= Set the values according to requirement and click OK.

[ % Configure Application m} *
Application D v APPLICATION
Application_Methed | UNICAST - | 7
Application_Type | BSM - |
Application 1D
Application_Name | App1_BSM |
Source_Count
Source_ID | 4 - |
Destination_Count
Destination_ID | 5 e |
Start_Time(s) | 0 |
End_Time(s) | 100000 |
Sre_to_Dest | Show line - |
Encryption | NONE - |
Random_Startup | FALSE - |
Random_Wait_Time | 1] |
Session_Protocol NONE
Transport_Protocol | WSMP - | |
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 Plots
e D
@ﬁ [E Packet Trace
Application ?Q Event Trace Run

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.

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

completion of Simulation.

N %4 Plots
E A <) Packet
L:]&“ Lk\ Packet Trace @
Application ?i, Event 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.

] -
(2] 3| Configuration.sumo.cfg - SUMO 0.32.0 - [m] X
> - B¢ File Edit Settings Locate Simulation Windows Help -l & %
—@ 13614338.57.. S8k W || Time: R
Play Stop Simulation Time Micro Sec Animatior] =
Delay (ms): | 100 3| || =1
& A R @ P |Netsimvaner = @
) 7 140 210 80 50 420 490
f =
: —
" - e —
S[Vehicle_5]
i
3501
< 3yghice 3]
424 | —-ﬂ—' '
el M | L
PACKET_ID SEGMENT_ID PACKET_TYPE CONTROL
679 0 Basic_Safety_Message ad © 100m
0 N/A Control_Packet =
. Loading dene. =
678 o Basic_Safety Message A Simulation started with time: 0.00
0 N/A Control_Packet w4l | )
‘C:\Program, C:\Program Files\Ni o, 5| |699.22, y:464.58 699.22, 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.

Immediate 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 In the 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].
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= 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.

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

= BSMis 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.
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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: "http://sumo.dir.de/wiki/NETEDIT” for more details on modes of

operation
Bl NETEDIT 0.32.0 — X
File Edit Processin g Locate Windows | Help
&% A R & P |sendard - ® AN A EE T LS & ¥ seectedges Show conne: ctions
Inspect
o 10m
|
x:12.08, y:0.93 x:12.08, 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

& neTeDiT0.320 | 3 = o x
File Edit Processing Locste Windows  Help
S e S T — e e T T

GO R & P |t O @B ;--::-,i{ ‘-i-} o/ QB B RI=| &4 chan @ Twowey @GR}

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

& 100m
—u

Made 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

S AR @ P|snded ¥ O @K N -

‘ v Ask for merge Bubbles Elevation v Grid

0 100m

4x267.7 y:15.93 x267.71, y:15.93 a

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.

U8 NETEDIT 0320

Eile Edit Processing Locate Windows Help
& O R @ @ standard j © =@ E S » Q= 2E & Apply change to all phases

Edit Traffic Light

T T Tlindlon N

|»

JunctionID | gnel1 }
Status unmodified |

1

1

Traffic lights definition
Create TLS

Delete TLS

L L

L L L
Traffic light Attributes
D gnell

Program 0 :]

Cycle time: 90.00

Copy Phase
Delete Phase
1] 10m

Cleanup States ] |

—
=

x349.69, y:175.33 %349.69, y:175.33

Create a new traffic light program

Figure 3-4: Adding Traffic Signal to Network
Step 7: Select "(c) Connect" icon Select the lanes and ensure connectivity between them.
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B NETEDIT 0320 - o X

File Edit Processing Locate Windows Help

g

T DT T INEER THIPER

Edit Connections
Lane =

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 ~|
Original boundary : =~
Applied offset : 0.0(
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
5| = | SUMO_NETEDIT = O X
Home Share Wiew [ 2]
of B ¢ Moveto = 3 Delete ~ W T
# . F o A
Fin to Quick t py t Rena Hew = Properties Select
access 0] folder - o -
Clipboard Organize Hew Open
1+ » SUMO_NETEDIT v Search SUMO_NETEDIT 2
£ MNarme Date modified Type
# Quick access
= metwork.netaml 06-06-2018 05:46 XML Decument
B Desktop o+ = !
* Downloads o
5| Documents
= Pictures o+
fia OneDrive
B This PC v < >
1item =H =

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"

B C\Windows\System32\cmd.exe - o x

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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| & [ = | SUMO_NETEDIT
Home Share View

/ = . - -
= u b Cut < = x @ 7 Mew item - M Bropen~ HHs
— w. Copy path -Tj Easy access = Edit 5
Paste Move Copy Delete Rename Mew Properties _
lﬂ Paste shortcut tow to- - folder - &) History DDIr
Clipboard Organize Mew Open
&« v 4 » ThisPC » SOFTWARES (D) » SUMO_NETEDIT
Name Date modified Type Size
# Quick access -
i configuration.sumo.cf 22-08-2018 11:31 CFG File TKB
[ Desktop - Tﬁ 3 3 - - - -
| network.netxml 22-08-2018 09:59 XML File 4 KB
!' Downleads — #  ic altam 22-08-2018 11:01 XML File 1KB
[ Documents ) pine tripsaml 22-08-2018 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.

;El Configuration.sumo.cfg - SUMO 0.32.0
JJ;&—l File Edit Settings Locate Simulation  Windows Help

JJ & G @HJ P4 “ Time: _|H Delay (ms): l—mélla“J EI‘
¥ Q & o« g“m (]

== %

&
&
G /
0 100m ._l

|

Luadiné net-file from 'E\Sample_Configuration\VANET\WANET_1\network.netxml'... done (2ms).
Leading done.

Simulation started with time: 0.00

Lel v

‘EASample_Configuration\VANET\WVANET_1\Configuration.sumo.cfg’ loaded. = 4| |x:352‘74, y:69.11 352,74, y:60.11

Figure 3-9: SUMO simulation window
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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
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
ats . -
_ 2% Adhoc Link R Plots
d P (A é @ =
s g_K// / Wired/Wireless @&" l@ Packst Trace

Node Access_Point L2 Switch Router Vehicle RSU Links Application 23, Event Trace Run B®, Display Settings

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

| [ % Select SUMO Configuration File
50 {

« v 4 « Sample_Configuration » VAMNET » CCH_Time_Analysis ~ <] L Search CCH_Time_Analysis

Organize MNew folder iE8 il | e

-
~

I This PC ~ Name Date modified Type Size
_J 3D Objects Configuration.sumo.cfg 19-09-2020 10:06 CFG File 1KB
100 | [ Desktop
@ Documents
L ‘ Downloads
J) Music
| Pictures
n Videos
150 ‘o Local Disk (C:)
- Local Disk (E))
am New Volume (F)

setup (WI192.168 v <

H

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

200

Figure 3-10: Importing a sumo network configuration into NetSim
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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).

4 NODES.nod.xm|
>
id="n@"
id="n1l

id="n2

id="n3" a" type="priori

id="n4" 3€ 3 type="traffic light"/>
id="n5" » ) p" 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 (humLanes), the maximum speed allowed on the
the priority may be defined (Refer:
https://sumo.dir.de/wiki/Networks/PlainXML#Edge Descriptions).

edge speed. Furthermore, optionally.

4p EDGE.edg.xmi

="n@"
nl™
ni"

from="n1"
from="ne"
from="n2"

nolanes=
nolanes=
nolanes=

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

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

1d—"R12"
id="L23"
id="R23"

from="n1"
from="n3"
from="n2"

n2"
n2"
"n3"

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

nolanes
nolanes
nolanes

speed="30"/>
speed="30"/>
qpeed—"BO"/)

n4"
ne"
n4"
nl"
ns"
="n3"
"n5"
n2"

from="n@"
from="n4"
from="n1"
from="n4"
from="n3"
from="n5%"
from="n2"
id="U25" from="n5"
id="L45" from="n5"
id="R45" from="n4"
>

nmlanes
nolanes=
nolanes=
nolanes=
nolanes=
nolanes=
nolanes
nolanes
nolanes
nolanes

1d "De4"

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

1d "u14"
id="D35"
id="U35"
id="D25" speed= "40"/)
speed="40"/>
speed="40"/>
speed="40"/>

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

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

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

Bl C:\Windows\System32\cmd.exe - d x

C:\Program Files ( JA\Eclipse\Sumoibin>

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 — [m] W

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="v@" depart="0.00">
edges="D84 R45 U35 L23 12 La1l™ />
>

id="w1" depart=
edges="R12 R23 D35 LA45 Lai1" />
>

id="vw2" depart="0.08">
edges="R@1 R12 R23 D35 £ uaa™ />
>

id="v3" depart="90.08">
edges="RO1 D14 R45 U35 ; L12" />
>

id="wa4" depart= 20" >
edges="D35 L45 Ul4 R12 : U35 L23"/>
>

id="v5" depart="90.06"
edges="R45 U25 L12 LB RAS™ />
>

Figure 3-16: Direction of the vehicle’s movement

Ver 13.0 Page 24 of 47



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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VAMET, Workspace Name: MetSim_12.2.26_84_std_default. Experiment Mame: CCH_Time_Analysis

File  Settings Help

ate . )
- e Adhoc Link Plots
0 i < = 9w , I
00000 “ / Wired/Wireless J P @ Packet Trace
Node Access_Point L2 Switch Router Vehicle RSU Links Application ?é Event Trace Run &1 Display Settings
0 100 200 300 400 500 600 700 200 200 10
0
100
200
2
300 Vehicle 2
4008
500 Vehicle_1

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.

. % Adhee Link
|- - s :
o -+ L _,/ Wired Wireless
Mode Acceid_Poanl L2 _Sevrich Rizmiter Links

R Ploas
[:Hy .1'_'~] Packet Trioe '\_\_
Application -:_'l_:, Event Trace Run h Césplay Settings

RSU’s should be connected using Adhoc links manually.
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VANET. Workspace MName: NetSim_12.2.26_64_std_default. Experiment Name: CCH_Time_Analysis
File Settings Help
ats .
% Adhac Link R Plots
O = & & @ 47
NG / Wired/Wireless Ig&“ @ Packet Trace
Node Access Point L2 Switch Router Wehicle RSU Links Application ?G Event Trace Run El Display Settings
0 00 200 300 400 500 600 T00 800 200 104
0
\?:‘:: T ——
| | | [T ==Ll_
Adhdolink b | T ]
'\ 1 T ——
) [
0 N
\
\
\
1
\
20
2

30 Vehicle 2

40

50 Vehicle_1

Figure 3-19: 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, Select Examples->VANETs->Simple-Scenario.

[ NetSim Home

- X
NetSim Standard
Network Simulation/Emulation Platform
Version 13.0.17 (64 Bit)
New Simulation CtrlsN Simulations Experiments

> Internetworks L1 > - k-Performanc d-Delay L)
Your work -0 » | Advanced-Routing L1 > Throughput-and-Bottleneck-Server-Analysis L)
Examples CtrlsE > IoT-WsN L1 > | Delay-and-Littles-Law L1}

» | Mobile-Adhoc-Networks (LI » king o rding-with g uter (0

¥ VANETs (0 » -study-the-spanning-tree-protecol CL1

, Te-comnct @
Vehicles-and-RsUs > Reliable-data-transfer-with-TCP (1)
CCH-Time-Analysis » del-of m
> SUMO-Manhattan-Mobility » pact-of-di " @

License Settings SUMO-Vehicles-in-closed-loop > | Wifi-UDP-Download-Throughput LI

4 Cognitive-Radio (11 > ! cess-pe ly-handle? (11
s A > Software-Defined-Networks (1) » | TCP-congestion-control-algorithms L1l

> Cellular-Networks L1} > Multi-AP-Wi-Fi-Networks-Channel-Allocation L1

> Legacy-Networks L1 > Throughput-versus-load-for-Pure-and-Slotted-Aloha L1l

4 5GNR-mm- > Route-table-formation-in-RIP-and-OSPF L1

. .

Ready to simulate scenarios o understand the working of different ibraries in NetSim. Expand and click on file name  Learn networking concepts through simulation experiments. Documentation comes with objective, theory, set-up,
to load simulation. Click on baok icon for documentation (pdf). results and inference. Expand and click on file name to load simulation. Click on book icon for documentation (pd)

support Learn Documentation Contact Us

User Manual Email - sales@tetcos.com
Phane - +91 767 605 4321

Co hnical Suppart
Email - support@tetcas.com

Figure 4-1: Featured Example list

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.

03;&_‘,‘-_,__.__,;_____‘,;_ﬂ____; ____________

e~
Nl NS
Adh&:e\mk [N =

-~ -~
\\\\ VeRidte2

Vehicle 4

\
v
ra
o

Wehicle 3 Nehicle_1

Figure 4-3: Network topology in NetSim
After running the simulation, NetSim Animation can be used to visualize packet flow and

vehicle mobility along with packet information and throughput plots.

] 2 et - Picts - o %

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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imulatien Results - x

ke ax

[] Detailed View | TCP_Metrics [] Detailed View

v Network Perfarmance Application_Metrics_Table
Link_Metrics

- Application_Metrics
Queue_Metrics

Application |d  Throughput Plot Application Name  Packetgencrated  Packetreccives| Source  Destinafion  SegmentSent  SegmentReceived  AckSent  AckReceived  Duplicat

TCP_Metrics
1 Application Throughput plot  App1_BSM 99 99 VEHICLE1  ANY_DEVICE 0 0 0 0 0
IP_Metrics
VEHICLE2  ANY_DEVICE 0 0 0 0 0
* IP_Forwarding Table VEHICLE.3  ANY_DEVICE 0 0 0 0 0
DSR Metrics VEHICLE4  ANY DEVICE 0 0 0 0 0
IEEEB02.11_Metrics VEHICLES ANYDEVICE 0 0 0 0 0
Battery model
Application_Metrics
v Plots
> Link_Throughput
> pplication_Throughput
> ¢ >

Link_Metrics Table

> x @t ek

Link_Metrics [] Detailed View | Queue_Metrics [] Detailed View

Export Results (.xls/.csv) Packet_transmitt.. Packeterrored  Packet collided Deviceid  Portid Queued pa.. Dequeued... Dropped p.
Linkid  Link throughput plot

Print Results (-html) Data Control Data Control Data Control
Al A EER- 0 0 0 0
1 Link throughput I 0 0 0 0

No content in table

Restore To Original View

Figure 4-5: Result Dashboard

4.2 Vehicles and RSU’s
Open NetSim, Select Examples->VANETs->Vehicles-and-RSUs

[ etsim Home - b3

NetSim Standard

Network Simulation/Emulation Platform
Version 13.0.17 (64 Bit)

Simulations Experiments
New Simulation Ctrl+N
> internetworks L1 L . k-Performanc d-Delay (L1 7
Ye k Curl+0 -
ourwer i » | Advanced-Routing LLI > | Throughput-and-Bottleneck-Server-Analysis LLI
| Examples CuleE > | I0T-WsN 0 Delay-and-Littles-Law LL)

4 Mobile-Adhoc-Networks LLI

¥ | VANETs (10

Simple-Scenari

CCH-Time-Analysis

SUMO-Manhattan-Mobility
License Settings SUMO-Vehidles-in-closed-loop

» | Cognitive-Radio L1}

Ready to simulate scenarios to understand the working of different libraries in NetSim. Expand and click on file name

Bt Aeer > | Software-Defined-Networks 113
» 1 Cellular-Networks L1}
» | Legacy-Networks L1l
4 5GNR-mm-Wave L1
b Cotrtlitec i snicntine, €71
to load simulation. Click on book icon for documentation (pdf).
support Leamn

Videos
Experiment Manua

Figure 4-6:

Documentation

User Manual
Technalogy L
Source Code Hel

I d-study-the-spanning-tree-p |

P-connectis w

Reliable-data-transfer-with-TCP L)

del-of- m

pact-of-di 4 m

WIFi-UDP-Download-Throughput 11

y-download: coss-pi handle? (11
TCP-congestion-control-algorithms L1
Multi-AP-Wi-Fi-Networks-Channel-Allocation (L1
Throughput-versus-load-for-Pure-and-Slotted-Aloha (L1
Route-table-formation-in-RIP-and-OSPF L1

Learn networking concepts through simulation experiments. Documentation comes with objective, theory, set-up,
results and inference. Expand and click on file name to load simulation. Click on book icon for documentation (pdf),

Contact Us

Email - sales@tetcos.com
Phane - +01767 605 4321

Featured Example list

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:

l_Broadcast
afp
3]

&

Adhpc Igigd

Figure 4-8: Network topology in NetSim
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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.

o x
> | 4 1001057.000. —e View Moes = 4
e Sirmulation Time Mo See Animation Speed Display Settings e
Link_1_Throughput (Bi-directional Aggregated)
® 160 0 = 20 - s
o ™
: ]
4 =]
4 AR
1cont
-1 - Pk P
. ]
0] {

.}-: L | | Grid Line @ ' |

a B4 2er 1 g B M-
B4 agp1 CBR-1 p1.CBE-1
1 ,

1]
PR i e e e e i
2] = |
o s o s

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
P—— x Toererse g
Link_Metrics Application_Metrics [ Detailed View | TCP_Matrics [ Detailed View
Queue’M_em“ Application|d  Throughput Plot Application Name  Packet generated  Packet receive | Source  Destination  SegmentSent  SegmentReceived  AckSent  AckReceived  Duplicat
TCP*Me_m“ 1 (Aggregated)  Application Throughput plof  App1_CER 100 480 VEHICLE 1 ANY DEVICE 0 0 0
1P_Metrics 1 Applicotion Throughput plat  App1_CBR 100 9% VEHICLE.2 ANY_DEVICE 0 0 0 0 0
> IP_Forwarding Table 1 Applicotion Throughput plot  App1_CBR 100 9% VEHICLE.3  ANY_DEVICE 0 0 0 0 0
UDP Metrics 1 Application Throughput plot  App1 CBR 100 9% VEHICLE 4 ANY DEVICE 0 0 0 0 0
DSR Metrics 1 Application Throughput plot  App_CER 100 96 RSUS ANY DEVICE 0 0 0 0 0
IEEE802.11_Metrics 1 Application Throughput plot  App_CBR 100 96 RSUG ANY_DEVICE 0 0 0 0 0
Battery model Lz Application Throughput plot  App2 BSM 99 99
v Plots 3 Application Throughput plot  App3_BSM %9 99
> Link_Throughput
> Application_Throughput
< y|< >
Lk Mt Tbi ~ T
Link_Metrics [] Detailed View | Queue_Metrics [] Detailed View
Export Results (.xls/.csv) Packet_transmitt.. Packeterrorsd  Packet_collided Device_id Port_id Queued_pa.. Dequeued.. Dropped_p..
Print Results {.html) ) (R s Data Control Data Control Data Control
Al NA 635 198 0 0 8 0
1 Link throughput 586 198 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 Interval
Open NetSim, Select Examples->VANETs->CCH-Time-Analysis

Settings done for this sample experiment:

* InINTERFACE_1(WIRELESS) - Data Link Layer, CCH_TIME — 30000(Microsec)

[ Vanet_Wirelessnade O *
Vanet_Wirelessnode Sl EDVORK-LAYER,
v DATALINK_LAYER
GENERAL Protocol IEEE1609
APPLICATIOM_LAYER CCH_Time(Microsec) |
TRANSPORT_LAVER SCH_Time(Microsec) | 100000 |
NETWORK_LAYER Guard_Time{Microsec) | 100 |
Secondary_Protocol IEEEB02.11
Rate_Adaptation | FALSE v |
Short_RetryLimit | 7 |
Dot11_RTSThreshold | 3000 |
Long RetryLimit | 4 |
MAC_Address 90FCC46998D2
Medium_access_protocol | DCF - |
Bss Type MESH
» PHYSICAL LAYER
CK Reset

Figure 4-11: Datalink Layer for Vehicle
= Set Application BSM (Basic_Safety Message) with 3Mbps generation rate.
o Packet size — 100 Bytes
o |AT — 266 (Microsec)
= 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\ CCH_ Time_Analysis> as shown

below.
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Enable Packet trace and plot option.

from Packet Trace by filter PACKET _TYPE to Basic_Safety Message

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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(24 Vanet_Wirelessnode o X
z v
Vanet_Wirelessnode SENERAL
Device Name Vehicle_4 |
| GENERAL Type NODE
APPLICATION_LAYER Device Type VANET_WIRELESSNODE
X/ Lat l 91.27 |
TRANSPORT_LAYER
Y/Lon ’ 290.09 |
NETWORK_LAYER
Z
INTERFACE_1 (WIRELESS)
WireShark Capture ’ Disable v |
Interface Count 1
Mobility_Model SUMO -
Sumo File [ C:\Program Files\NetSim Standard\Doc: I
Step Size ’ 04 |
OK Reset
Figure 4-12: General Properties window for vehicle
- S <« Sample_Configuration » VANET » CCH_Time_Analysis v O Search CCH_Time_Analysis 0
User_code Date medified Type Size
5 ddos_10.2 [ Configuration 06-03-201910:07  NetSim_File 16 KB
[ This PC D Configuration.sumo.cfg 06-03-2019 10:06 CFG File TKB
“J 3D Objects D DevicePlacement 06-03-2019 10:06 Text Document TKB
(,r,j file.settings.xml 06-03-2019 10:06 XML Document 1KB
[ Desktop . o
] L Metrics.xml 06-03-2019 10:06 XML Document 13 KB
Documents I network.net.xml 06-03-2019 10:06 WML Docurnent 11 KB
¥ Downloads [£] RoadsPlacement 06-03-2019 10:06  Text Document 1KB
J’! Music D Tetcostesting 06-03-2019 10:06 Text Document TKBE
[&] Pictures c,r,j wvehiclerouxml 06-03-2019 10:06 XML Document 1KB
PEE il
Figure 4-13: CCH Time Analysis Example folder
]

Run simulation and note down the number of data packets transmitted (BSM Packets)




CCH_Time Throughput

micro seconds

30000 0.65
50000 0.93
70000 1.15

Table 4-1: Different CCH time vs. Throughputs
Inference: 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 A
e
=

A 1'
< S
A A
gt
% 4 ¥ ¥

Figure 4-14: 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-> Examples-> VANETs-> SUMO-Manhattan-mobility-> Single-hop-

communication

[ NetSim Home

NetSim Standard

Network Simulation/Emulation Platform
Version 13.0.17 (64 Bit)

New Simulation Ctrl+N
Your work Cirl+0
| Examples Ctrl+E

License Settings

Exit Ale=F4

Ssupport

pport
support@tetcos.com

Simulations
4 I0T-WSN 1)
4 Mobile-Adhoc-Networks L1

v VANETs (L)
simple-Scenario
Vehicles-and-RsUs
CCH-Time-Analysis

¥ SUMO-Manhattan-Mobility

¥ single-hop-communication
Sample-1

sample-2

Semple-3

> Multi-hop-communication
SUMO-Vehicles-in-closed-loop

> Cognitive-Radio LI

4 Software-Defined-Networks LL1

4 Cellular-Networks L1I

Ready to simulate scenarios to understand the working of different libraries in NetSim. Expand and click on file name
to load simulation. Click on book icon for documentation (pdf).

Lean

Experiments

~

result

Documentation
al

Learn networking concepts through simulation experiments. Documentation co
Ults and infer

L f k-Performanc: d-Delay (LI
Throughput-and-Bottleneck-Server-Analysis LLI
Delay-and-Littles-Law L1}

King: d rding-withi d uter L1

panning-tree-p Jaa}
TCP-connecti w
Reliable-data-transfer-with-TCP L)
[AF)

pact-of-d " @

WIFi-UDP-Download-Throughput 11
cess-p: ly-handle? (L)

TCP-congestion-control-algorithms L1
Multi-AP-Wi-Fi-Networks-Channel-Allocation (L1
Throughput-versus-load-for-Pure-and-Slotted-Aloha (L1

Route-table-formation-in-RIP-and-OSPF L1

mes with objective, theory, set-up,

rence. Expand and lick on file name to load simulation. Click on book icon for documentation (pdf).

Contact Us

Email - sales@tetcos.com
Phane - +01767 605 4321

Figure 4-15: Featured Example list

The NetSim Ul would display as shown below.
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Figure 4-16: Network Topology in this experiment

Settings done for this sample experiment.

1. Applications set as CBR (Broadcast application)

Application Application APP_ID Source_ID Destination_ID  Packet_ Inter-

Method Type Size Arrival

Broadcast CBR APP_1_RSUBroa @ 21 - 300 2,000,000
dcast (Broadcast
Transmission to 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 25

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.
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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.

[ NetSim Packet Animation — %

> | __ o 00 — o View Mare ¥ i?

Play Stop Simulation Time Micro Sec Animation Speed Display Settings ~ Teble Filters

é 12190]
20 180 270 360 450 540 630 720 810 900
B -
é 1.0]
&= e & e

21RSU_21]

é 8q) %

120 G e
270 é 16[5.0] é 10[17.0
PACKET ID SEGMENT_ID PACKET TYPE CONTROL PACKET TYP... SOURCE ID DESTINATION ID TRANSMITTER ID RECEIVER ID APP_LAYER ARRIVAL T... TRX LAVER ARRIVAL T.. NW_LAYER ARR/

Figure 4-17: Animation Window for NetSim
With play and record animation enabled, same can be observed in SUMO as follows:

[ manhattan.cumo.cfg - SUMO 1.2.0 - x
[ Fle Edit Seitings Locate Simulation Windows Help = & X
%@ ®||H @ D || e B oo | wEH Y [ saerane| 2]

2R/ P @

n 'D:\AB\use case\Manhattan Mobility\manhattan\data\net.netxml'... done (233ms)

[EN TS

fq' loaded o 20| 28340, y:T98.57 x:283.40, y:798.57

Figure 4-18: Animation Window for Sumo

Results and Observations

Sample 1: RSU Broadcast Data Rate = 1.2 Kbps (Packet size = 300 bytes, IAT =2,000,000us.

This means packets of size 300 Bytes are sent every 2 seconds)
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Environment P

ath-loss Exponent

Packets Received

Throughput (Kbps)

(Aggregate)* (Aggregate)
Open Rural Area 2.5 1000 24.00
Urban Area 3 232 5.57
Dense Urban Area 3.5 98 2.35
Very Dense Urban
Area with 4 39 0.94
Shadowing

Table 4-4: Results Comparison for Sample 1

* Aggregate is the sum of the packet/throughputs obtained by all applications.

Sample 2: RSU Broadcast Data Rate = 2.4 Kbps (Packet size =300 Bytes, IAT = 1,000,000us

or 1 seconds. This means packets of size 300 Bytes are sent every second)

Environment Path-loss Packets Received Throughput (Kbps)
Exponent Aggregate Aggregate
Open Rural Area 2.5 1980 47.52
Urban Area 3 462 11.08
Dense Urban Area 3.5 196 4.70
Very Dense Urban Area with
Y Shadowing 4 & 1.90

Table 4-5: Results Comparison for Sample 2
Sample 3: RSU Broadcast Data Rate = 9.6 Kbps (Packet size =300Bytes, IAT =250,000pus or

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

. Path-loss Packets Received Throughput (Kbps)
Environment
Exponent Aggregate Aggregate
Open Rural Area 2.5 7980 191.52
Urban Area 3 1852 44 .45
Dense Urban Area 3.5 787 18.89
Very Dense Urban Area
with Shadowing 4 314 7.54

Ver 13.0

Table 4-6: Results Comparison for Sample 3
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Figure 4-19: Plots of Throughput vs. Pathloss Exponent
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-> Examples-> VANETs-> SUMO-Manhattan-mobility-> Multi-hop-

communication
[ NetSim Home - X

NetSim Standard

Network Simulation/Emulation Platform
Version 13.0,17 (64 Bit)

N oy | Simulations Experiments
¥ SUMO-Manhattan-Mobility L4 L Delay 1)
Your work Cul=0 » single-hop-communication » | Throughput-and-Bottleneck-Server-Analysis (11
| Examples Ctri+E ¥ Multi-hop-communication 3 Delay-and-Littles-Law L1
10-Vehicles » g g m
20-Vehicles » (ly-the-spanning-tree-protocol (11
30-Vehicles » 5-connec m
40-Vehicles » | Reliable-data-transfer-with-TCP (LY
50-Vehicles » ical-model-of- @
60-Vehicles . pact-of- " o
License Settings 70-Vehicles » | WiFi-UDP-Download-Throughput L1
SUMO-Vehicles-in-closed-loop N y-downloatk cessp hendle? (11
Bt A > W Cognitive-Radio (11 » | TCP-congestion-contral-algorithms L1
» W Software-Defined-Networks (12 » | Multi-AP-Wi-Fi-Networks-Channel-Allocation L1
> | Cellular-Networks L1} > B Thoughp o d-Slotted-alohs (1)
" LegaeNetworks L) » | Route-table-formation-in-RIP-and-OSPF L1
> 1 SGNR-mm-Wave L1l
Ready to simulate scenarios to understand the working of diferent ibraries in NetSim, Expand and click on file name  Learn networking concepts through simulation experiments. Documentation comes with objective, theory, set-up,
to load simulation. Click on book icon for documentation (pdf). results and inference. Expand and click on file name to load simulation. Click on book icon for documentation (pdf).
Support Leam Documentation Contact Us

al Email - sales@tetcos.com
e Phone - +01 767 605 4321

Figure 4-20: Featured Example list
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The NetSim Ul would display as shown below.
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Figure 4-21: Network Topology in this experiment

Settings done for this sample experiment.

1. Applications set as CBR.

Application Application Source_Id Destination_Ild Packet size Inter-Arrival Time (us)

Method Type (Bytes)
CBR (All vehicles) RSU 1460 20,000

Unicast

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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Y ode O
Vanet_Wirelessnode RaEAL
Device Mame | 1.0 |
Type NODE
APPLICATION_LAYER Device Type VANET WIRELESSNODE
X/ Lon 6316
TRANSPORT_LAYER | |
Y/ Lat | 48.19 |
NETWORK_LAYER
z
INTERFACE_1 {WIRELESS)
WireShark Capture | Disable - |
Interface Count 1
Mobility_Model | SUMO - |
Sums File l VANET\SUMO-Manhattan-mebility-Sin | |
Step Size | 0.4 |

Figure 4-22: General Properties window

3. Transport protocol set as UDP in application Configuration window.

4. Adhoc link/ Wireless link properties set as follows:

Channel Characteristics Pathloss Model Pathloss Exponent

Pathloss_Only Log_Distance ‘ 2.5 ‘

Table 4-8: Wireless link properties

5. Co-ordinates of RSU are set as X =450, and Y =450
6. Network layer routing protocol is set as DSR.
7. Plots are enabled and run the simulation.
8. Increase the number of vehicles in the order 10, 20, 30 etc. and note down the
aggregate throughput.
Result:

Number of vehicles Thr°u9hpu"*(KbpS)
UTReTO VeSS (Aggregate)

10 4144.76
20 4936.79
30 4257.36
40 4673.17
50 5250.27
60 4802.58
70 4602.27

Table 4-9: Results Compression
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*Aggregate is the sum of the packet/throughputs obtained by all applications.

Throughput vs Vehicle Density
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Figure 4-23: Aggregate Throughput vs. Number of Vehicles
4.5 SUMO Interfacing with vehicles moving in a closed
loop
Open NetSim, Select Examples->VANETs-> SUMO-Vehicles-in-closed-loop

[ NetSim Home - X

NetSim Standard
Network Simulation/Emulation Platform &

Version 13.0.17 (64 Bit)

Simulations Experiments
New Simulation Ctrl+N
> IOT-WSN 0 0oy m . k-Performanc: d-Delay (1) a
Vour work -0 » | Mobile-Adhoc-Networks L) » | Throughput-and-Bottleneck-Server-Analysis (11
| Examples Culee ¥ | VANETs (0 > Delay-and-Littles-Law (1)
Simple-Scenario > ing d- ing-withi d- m
Vehicles-and-RsUs > d-study-the-spanning-tree-p 1 L0
CCH-Time-Analysis > P-connectit wm
¥ 5UMO-Manhattan-Mobility [ Reliable-data-transfer-with-TCP LL1
> Single-hop-communication » del-of o
> Multi-hop-communication , pact-of-d deerror L0
- > W UDP-Downlezd-Theeughput 21
> Cognitive-Radio L11 » y-downloads cess-p handle? L1
o A > 1 Software-Defined-Networks L1} » 1 TCP-congestion-control-algorithms L1
> W Cellular-Networks (1) > Multi-AP-Wi-Fi-Networks-Channel-Allocation L11
> Legacy-Networks L1 > Throughput-versus-load-for-Pure-and-slotted-Aloha L1
> W SGNR-mm-wave (0 > Route-table-formation-in-RIP-and-OSPF L)
» 0 Cotalivarammimicatinn 11 v . ~
Ready to simulate scenarios to understand the working of different libraries in NetSim. Expand and click on file name  Leam networking concepts through simulation experiments. Documentation comes with objective, theory, set-up,
to load simulation. Click on book icon for documentation (pdf). results and inference. Expand and click on file name to load simulation. Click on book icon for documentation (pdf)
support Leamn Documentation Contact Us
Videos User Manual Email - sales@tetcos.com
Co echnical Support Experiment Manus Technology Libraries Phane - +01 767 605 4321
Email - support@tzteos.com Source Code Help

Figure 4-24: Featured Example list
The NetSim Ul would display as shown below.
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Figure 4-25: Network Topology in this experiment
Settings done for this sample experiment:

1. Applications set as BSM (Basic_Safety Message)

Packet_Size Inter-Arrival

Source_ID Destination_ID

APP_1_BSM 1 6 (RSU) 100 2,000,000
APP_2_BSM 2 6 (RSU) 100 2,000,000
APP_3 BSM 3 6 (RSU) 100 2,000,000

Table 4-10: 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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: ™ |
Vanet_Wirelessnode LSS
Device Mame | Vehicle_3 |
Type NODE
APPLICATION. LAYER Device Type VANET_WIRELESSNODE
X/ Lon | 17335 |
TRAMNSPORT_LAYER
¥ [ Lat | 81.65 |
NETWORK_LAYER
z
INTERFACE_1 (WIRELESS)
WireShark Capture | Disable - |
Interface Count 1
Mobility_Maodel | SUMC o |
Suma File | SSUMO-Vehicles-maving-in-closed-loo | ‘
Step Size | 0.4 |

Figure 4-26: 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 4-11: Wireless link properties
Medium access protocol set as DCF in all vehicles and RSU.
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:

noom e |— . .

Pause Stop simulation Time Miero Sec Animation Speed Display settings

@) smsuz

Figure 4-27: Packet animation window for NetSim

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

[ hex.sumo.cfg - SUMO 1.20
[# File Edit Settings Locate Simulation Windows Help

& & @ = time: [ | o (o | 03] Gt | scale Taffie: 13 ||| =
F ARG Pt - @@=

hex.addxml... done (21ms).

=)
=
=

o 3 1114039, y:228.84 %:140.39, :228.84

Figure 4-28: 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
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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
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 V21 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 VANETSs library is available at
https://tetcos.freshdesk.com/support/solutions/folders/14000118424
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