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1 Introduction

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

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

Vehicles

Traffic Signals

Lanes

SUMO’s Simulation
Window

NetSim's Vehicular
Network

Network Communication .3 “

WAVE 1609,802.11p, WSMP, DSRC, BSM,
V2V and V2X routing,

RF Propagation,

Applications- Voice, Video, FTP and more

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

Ne t S IiVANES library features:

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

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

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

A |EEE 1609-2, which defines security services for application messages and

management messages in WAVE.

© TETCOS LLP. All rights reserved Page 5 of 73
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IEEE 1609-3, which defines connection set up and management of WAVE compliant
devices.

IEEE 1609-4, which enables upper layer operational aspects across multiple channels
without knowledge of PHY layer parameters.

DSRC SAE J2735

BSM packets that are transmitted using WSMP

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

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

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

Protocol source C code is provided along with NetSim software

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

providing each other with (i) Safety information using BSM application and (ii) Infotainment

applications. Both types of nodes are Dedicated Short-Range Communications (DSRC)

devices. The RSU is a WAVE device usually fixed along the roadside or in dedicated locations

such as at junctions or near parking spaces. In NetSim, users can model network traffic flows:

f

1
1
1

Between two or more Vehicles, known as V2V

From vehicles to RSUs (infrastructure), known as V2I

Between two or more RSUs

From vehicles or RSUs to remote servers, by connecting RSUs in backhaul to a wired

network consisting of switches, routers, and servers for end-to-end simulation.

© TETCOS LLP. All rights reserved Page 6 of 73



Ver 14.4

2 Simulation GUI

2.1 Create Scenario

A Open NetSim and click New Simulation A Vehicular Adhoc Network (Vanet) as
shown Figure 2-1.

Choose a Network

New Simulation ColeN [ Internetworks (Base) @ Legecy Networks G Mobie Adhoc Network 1 Wireless Sensor Networks ) Internet of Things
sod on 802154 MAC/PHY interfaces with

four -0 -
- oo o

Examples

Experiments

Lizense Settings <! . =

it A €5 Advanced Routing B Software Defined Networks 28508 Network Emulator O Advanced 5G
Features VLAN L Based on Openfiow protocol. runping Features advanced 5 features including DL 3nd
13 Switch, ACL and NAT. Access these features  within the propertes of ol 13 devices. SON  NetSim. Interfaces with all components except UL Interference, Block eror rate (BLER) and Outer
within the properties of Switches and Routers interfaces with all components except C2 and  C2. Access this festure insde Application loop link adaptation (OLLA). Access these
avaissie in €1 m

properties. features within the 5G NR and LTE components.

& Liensed i Ucensed & licensed & Leensed

Support Learn

Figure 2-1: NetSim Home Screen

A A dialogue box appears as shown below, in that browse the Sumo Configuration File
path. The general format of such fileisii* . Sumo. cf go.

Configure Mobility Model X

MetSim's VANETs module can interface with SUMO traffic simulator to bring in
realistic mobility models. To do this, you need to provide NetSim a SUMO
configuration file with extension .sumo.cfg or .sumocfg.

If you don't want to use SUMO and prefer to set up VANETs manually, just click

"Cancel” below. Then, you can create your network by adding vehicles and RSUs
manually.

You can find sample SUMO configuration files at:
[NetSim_Directory]/Docs/Sample_Configuration,/VANET
MetSim will save all files in this folder and include them when you export.

File Name | SUMO configuration file with sumo.cgf/sumocfg.ext. Browse

oK Cancel

Figure 2-2: Sumo Configuration File path
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A The NetSim VANET module is designed to interface directly with SUMO.

S

A SUMO configuration file is required as an input to NetSim.
A Sample SUMO configuration files are available inside the Config support folder, which
is present in each example in the <NetSim -Installation -Directory> \Docs\Sample
Configuration \WVANET folder.
AUsers can either use a Sumo configuration fi
installation directory or use a different user specified SUMO configuration file. This .cfg
file contains the path of NETWORK file and VEHICLES file.
A Further help on how to create SUMO configuration files is available at
http://sumo.dlIr.de/wiki/Networks/Building_Networks_from_own_XML -

descriptions .

After selecting the SUMO configuration file, the scenario opens with nodes placed at their
respective starting positions (tracked from SUMO). Roads and traffic lights are also placed

exactly as specified in the SUMO configuration file.
2.2 Devices specific to NetSim  VANETSs Library

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

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

A Wired node: A Wired node can be an end-node or for a server. Itis 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.

A 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.

A L2 Switch: A Switchisalayer-2 devi ce that uses the devicesb?o
forwarding decisions. It does not have an IP address.

A Router: Router is a layer-3 device and supports a maximum of 24 interfaces each of

which has its own IP address.

© TETCOS LLP. All rights reserved Page 8 of 73
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A Access point: Access point (AP) is a layer-2 wireless device working per 802.11 Wi-Fi
protocol. It can be connected to wireless nodes via wireless links and to a router or a

switch via a wired link.

é (x) c\“ I;l Wired Node (= II/" "\\I i l Devices Links
=

by | %]
- ALY 0000 2
Wireless Node - ~ Applications

\ehicle Roadside Unit Wired/Wireless Links Node L2 Switch Router Access Point Rapid Configurator

Figure 2-3: VANET Library Device Palette in GUI

2.3 Set Node, Link and Application Properties

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

A 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.

A Physical layer standards are acting as Link global.

A 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.

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

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

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

A The following are the important properties of VANET Wireless Node (RSU/Vehicle) in
Data link and Physical layers.

© TETCOS LLP. All rights reserved Page 9 of 73
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Vehicle_1 Properties

AN O %

4 Interface_1 (Wireless)

> Metwork Layer
4 Datalink Layer

4 |EEE1609

CCH Time {ps)

SCH Time (us)

Guard Time (us)
Secondary Protocol

Rate Adaptation

Short Retry Limit

Dot11 RTS Threshold
Long Retry Limit

MAC Address

Medium Access Protocol

Bss Type

100000

100000

100

|EEEB02.11

FALSE A

3000

155000001001

DCF -

INFRASTRUCTURE

Figure 2-4: Vanet > Datalink layer properties window

: El Vehicle_1 Properties

" AN D

SIFS (us)

Slot Time (us)

CW Min

CW Max

Reference Distance dd {m)

Error Model

Connection Medium

4 Antenna

Antenna Height (m)

Antenna Type

Antenna Gain (dB)

B Power

- O X

% @
B3 [_I#

1023

1

SIMR-BER by Table +

WIRELESS

0.00

Omnidirectional Anten

Figure 2-5: Vanet > Physical layer properties window
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[ t_3 Properties - O X

AN O 5o

Errar Mode| SINR-BER by Tabls +

Connection Medium WIRELESS

B Antenna

4 Power
Power Scurce Battery ™
Energy Harvesting COn -
Initial Energy (maAkh)} 300

Transmitting Current (mA) 17

Idle ModeCurrent {ma} 33
Voltage (V) 36
Receiving Current (ma) 9.6

Recharging Current {maA) 04

Figure 2-6: Vanet > Physical layer properties window > Battery model
A Click on the Application icon present in the Set Traffic option and set properties. Multiple

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

Ji Create Scenario L_*} Configure Reports [ Show/Hide Info

:@’ CBR @ Email .;F;Tg FTP ‘\_{‘ Voice f_‘___:-"___’, BSM “1., CBR :_ Video <i Emulation
~# Custom E HTTP v Video @171 Emulation (¢%) Gaming ~# Custom ":t' Voice ':__1-(,, BSM
Unicast Applications Broadcast Applications

Figure 2-7: Application icon present on top ribbon

A Set the values according to requirement and click OK.
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KN £ fi\\ Q @ [ll-.;

4 Application

Application Method

Application Type

Application D

Application Mame

Source Count

Source ID

Destination Count

Destination ID

Start Time {s)

End Time (s}

Encryption

BROADCAST

BSM

Appl_BSM

100000

MNOMNE h

Figure 2-8: Application Configuration window

Ver 14.4

Detailed information on Application properties is available in section 6 of NetSim User Manual.

2.4 Enable Packet Trace, Event Trace & Plots (Optional)

For detailed packet information, enable packet and event tracing before running the simulation.

To enable trace files, click on Configure Reports in the top ribbon, check the Packet Trace and

Event Trace checkboxes. For further analysis, please refer to sections 8.4 and 8.5 in User

Manual.

& Create Scenario

i

View Results

© TETCOS LLP. All rights reserved

?E, Set Traffic I_:' Configure Reports @ Show/Hide Info
d g P

+| Network Performance

Tabular Summary

Event Trace

Traces

Packet Trace All Network Packets Do not log M Reinjected from Emulator | Do notlog

Dispatched to Emulator Do not log - Not Dispatched to Emulator | Do not log

Emulator Logs

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

Plots
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NetSim provides protocol-specific logs for VANET libraries, which users can enable before

running a simulation. These can be enabled by clicking on configure reports in top ribbon >

clicking on plots > choosing as desired and running the simulation.

N e

i Create Scenario

Options

Help
T Set Traffic

+ Network Performance

[V] Packet Trace

B show/Hide Info

All Network Packets

Do not log

Network: VANET | Workspace: NETSIM | Experiment: No. of Transmitting nodes - 4

[EL Configure Reports

- Reinjected from Emulator

Do not log

Qo
il
0 L Event Trace Dispatched to Emulater Do not log - Not Dispatched to Emulator Do not log -
View Results Tabular Summary Traces Emulater Logs Plots Mobility Viewer
N
1000 = = C . »
=
4 Q= &
1 4 Network Logs
800 o
i Select All 7
2
] /| IEEE 802.11 Radio Measurements Log
600 =
IEEE 802.11 Backoff Log =
i . z
4 ~ IEEE 802.11 Log
400 \‘ | Mobility Log )
4 i
S 2
b ™ +| Energy Log g
s
200 - e Buffer Occupancy Log
1 .. il Application Packet Flow @
0 J T ! Plot generation is a two-step process. Initially, select the |
T T T T T T T T T T T T T parar you wish to plot from the list above.
200 200 400 500 600 700 200 500 1000 1100 1200 1300 1400 Subsequently, choase the specific device, link, application, etc, 5
¥ in the plots window, which becomes accessible after the @
q » simulation concludes.
{1357.789, -84.483} € AoComect (on®) — b—— + 100%

Figure 2-10:Enabling IEEE 802.11 Radio measurements log in VANETSs

Similarly, users can enable the plots for Wi-Fi radio measurements and energy.

N Fie

i Create Scenario

Options

Help

T Set Traffic

EZ'/ Configure Reports|

2 Show/Hide Info

Network: VANET | Workspace: NETSIM | Experiment: No. of Transmitting nodes - 4

o o0 +/| Network Performance [ Packet Trace All Network Packets Da not log ~  Reinjected from Emulator Do not log -
Bl
0 [ Event Trace Dispatched to Emulator Do not log ~  NotDispatched to Emulator Do not log -
View Results Tabular Summary Traces Emulator Logs Plots Mobility Viewer
- % C -
800 - 2
s Q= |&
| SNRvs Time =
600 i
1 &
V| Total Loss vs Time L
BER vs Time
=
=
Fading Loss vs Time S
400 -
4 Energy Plots >
3
+ | Remaining Energy vs Time T
5
200 o ~ + | Transmit Energy vs Time =
Y Consumed Energy vs Time =
2
0 4 B N Plot generation is a two-step process. Initially, select the
T T T T T T T T T T T you wish to plot from the list above. |
200 300 400 500 600 700 200 900 1000 1100 1200 Subsequently, choose the specific device, link, application, etc, | 3
¥ in the plots window, which becomes accessible after the | #
4 » simulation concludes.
(1108669, -95.765) € (7 AuoComnect (On 8) — —— + 2%
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Figure 2-11: Enabling plots for VANETSs
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2.6 GUI Configuration Parameters

Parameter

CCH Time (H v

SCHTime (H v

Guard interval

(Hv

Rate Adaption

Short Retry
Limit

Long Retry
Limit

Dotll RTS
Threshold

MAC Address

Interface(Wireless) - Datalink Layer
Scope Range Description
A radio channel, intended for the
exchange of management
information. In NetSim when a
BSM (safety) application is
configured, it is transmitted
on the CCH.
A radio channel used for non-safety
applications. In NetSim, when non
safety applications such as CBR,
Voice, Video, FTP etc., are
configured, they are transmitted on
the CCH.
A time interval at the start of each
control channel (CCH) interval and
Global | 1-100 service channel (SCH) interval
during which devices that are
switching channels do not transmit.
The algorithm is similar to Receiver
based Auto Rate (RBAR)
algorithm. In this, the PHY rate gets
set based on the target PEP
(packet error probability) for a given
packet size. The adaptation is
termed as AFALSEC
is pre-determined as per standard
and there is no subsequent
Cell Afadaptati ono.
Rate adaptation algorithm
implemented in Linux.
The algorithm is similar to the Auto
Rate FallBack (ARF) algorithm. In
this algorithm (i) Rate goes up one
Generic step for 20 consecutive packet
successes, and (i) Rate goes down
one step after 3 consecutive packet
failures.
Determines the maximum number
of transmission attempts of a
frame. The length of MPDU is less
than/ equal to Dot11 RTS
Threshold value, made before a
failure condition is indicated.
Determines the maximum number
of transmission attempts of a
frame. The length of MPDU is
greater than Dot11 RTS Threshold
value, made before a failure
condition is indicated.
The size of packets (or A-MPDU if
applicable) above which RTS/CTS
(Request to Send / Clear to Send)
mechanism gets triggered.
The MAC address is a unique
value associated with a network

Global  0-1000000

Global | 0-1000000

False

Minstrel

Local 1 to 255

Local 1to 255

Local 0 to 4692480

Fixed Auto Generated

© TETCOS LLP. All rights reserved Page 14 of 73
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adapter. This is also known as
hardware address or physical
address. This is a 12-digit
hexadecimal number (48 bits in
length).
Direct Sequence Spread Spectrum.
The physical type of parameter is
set to DSSS if the standard
selected is IEEE802.11b.
Orthogonal Frequency Division
Multiplexing is utilized as a digital
multi-carrier modulation method.
The physical type of parameter is
set to OFDM if the standard
selected is IEEE802.11a, g and p.
Operates in frequency bands
2.4GHz or 5GHz band. The
HT physical type parameter is set to
HT if the standard selected is
IEEE802.11n.
The physical type parameter is set
VHT to VHT if the standard selected is
IEEE802.11ac.
DCEF is the process by which
CSMA/CA is applied to Wi-Fi
networks. DCF defines four
components to ensure devices
DCF share the medium equally: Physical
Carrier Sense, Virtual Carrier
Sense, Random Back-off timers,
and Interframe Spaces (IFS). DCF
is used in non-QoS WLANS.
QoS was introduced in 802.11e

DSSS

OFDM

Physical Type Global

Medium and is achieved using enhanced
Access Local distributed channel access
Protocol functions (EDCAFs). EDCA

provides differentiated priorities to
transmitted traffic, using four
different access categories (ACs).
With EDCA, high-priority traffic has
a higher chance of being sent than
low-priority traffic: a station with
high priority traffic waits a little less
before it sends its packet, on
average, than a station with low
priority traffic.
This parameter determines the type
of standard to be chosen for the
OFDM physical type.
I The standard is set to
Local True or False IEEE802.11p if OCBA is
True.
i The standard is set to
IEEE802.11a and g if
OCBA is False.
The BSS type is fixed to
Infrastructure mode. The wireless
device can communicate - with
each other or with a wired network
Interface Wireless - Physical Layer

EDCAF

OCBA

Activated

BSS Type Fixed Auto Generated

© TETCOS LLP. All rights reserved Page 15 of 73



Protocol

Connection
Medium

Standard

Transmission
Type

Transmit
Power

CCA Mode

Frequency
Band

Bandwidth

Standard
Channel

Fixed IEEE802.11
Fixed Auto Generated
Cell IEEE802.11 a/b/g/n/ac/p
DSSS
OFDM
Fixed
HT
VHT
Local 0 to 1000
Fixed Auto Generated
2.4,5,59
Cell (Depends on the

standard chosen)

5,10, 20, 40, 60, 80, 160
Cell (Depends on the
standard chosen)

Depends on the standard

Local
chosen

© TETCOS LLP. All rights reserved
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Defines the MAC and PHY
specifications like
IEEE802.11a/b/g/n/ac/p for
wireless connectivity for fixed,
portable and moving stations within
a local area.

Defines how the devices are
connected or linked to each other.
Refers to a family of specifications
developed by IEEE for WLAN
technology. The IEEE standards
supported in NetSim are IEEE
802.11 a, b, g, n, ac and p.
802.11a provides up to 54 Mbps in
5GHz band.

802.11b provides 11 Mbps in the
2.4GHz bands.

802.11g provides 54 Mbps
transmission over short distances
in the 2.4 GHz band.

802.11n adds up MIMO.

802.11ac provides support for
wider channels and beamforming
capabilities.

802.11p provides support to
Intelligent Transportation Systems.
The transmission type parameter is
DSSS if the standard selected is
IEEE802.11b.

The transmission type parameter is
OFDM if the standard selected is
IEEE802.11a, g and p.

The transmission type parameter is
HT if the standard selected is
IEEE802.11n.

The transmission type parameter is
VHT if the standard selected is
IEEE802.11ac.

Transmitted signal power. Note that
the transmit power is not split
among the antennas. This value is
applied to each antenna in a multi-
antenna transmitter. Unit is mW.

A mechanism to determine whether
a medium is idle or not. It includes
Carrier sensing and energy
detection.

Range of frequencies at which the
device operates. The frequency
band depends on the standard
selected. Unit is GHz.

The bandwidth depends on the
standard and the frequency band
selected. Unit is MHz

The channel options defined in the
standards. The options would also
depend on the frequency band if
the standard supports multiple
bands.
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SCHs are dedicated
communication channels used for
transmitting data and information
between vehicles and RSUs in a
VANET.
The Standard Service Channels
(SCHSs) in VANETSs are primarily
used for general data exchange,
including applications such as
traffic information sharing,
Standard Local multimedia data transmission, and
Channel SCH other non-safety-critical
communications.
Supported Channels: These are
the specific channels designated
for data transmission in the
VANET. The list includes channels
like SCH 172 (5860 MHz), SCH
174 (5870 MHz), SCH 176(5880
MHz), 180(5900MHz),
182(5910MHz) and 184 (5920
MHz).
The Control Channel (CCH) serves
as a specialized communication
channel dedicated to the
management and control of VANET
operations.
CCH is primarily used for
disseminating safety-related
Local CCH 178 (5890 MHz) information and network
management messages. It plays a
crucial role in supporting
applications like collision avoidance
and traffic management.
The Control Channel in VANET
operates at channel CCH 178
(5890 MHz).
The time interval required by a
wireless device in between
receiving a frame and responding
to the frame. Unit is microseconds.
Time is quantized as slots in Wi-Fi.
Unit is microseconds.
Guard Interval is intended to avoid
Guard Interval Local 400 and 800 signal loss from multipath
effect. Unit is nanoseconds.
MCS selection in Wi-Fi impacts
data rates and efficiency.
Auto Rate Fallback adapts the
MCS based on signal quality.
Fixed MCS locks the MCS.
Default Value: Auto Rate

Standard
channel CCH

SIFS Fixed Auto Generated

Slot Time Fixed Auto Generated

MCS Selection Local Auto Rate Fallback, Fixed

802.11b: 0-3 Allows selection of the MCS value
802.11a/g/p: 0-7 for different Wi-Fi standards
802.11n: 0-7 :

Data MCS Local 802.11ac: 0-9 (MCS 9 not Det_ermlnes the modulation and
coding scheme.

available for 20MHz in .
VHT) Default Value: 0.
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Data PHY Rate
(Mbps)

CW Min

CW Max

Reference
Distance ®

Error Model

Antenna Height

Antenna Gain

Antenna Type

Power Source

© TETCOS LLP. All rights reserved

Local

Fixed

Fixed

Local

Local

Local

Local

Fixed

Local

Determined by selected
Data MCS and Wi-Fi
standard

Auto Generated

Auto Generated

1to 10

SINR-BER-By-Table,
SINR-BER-By-Formula

0to 100m

0 to 1000 dB

Main Line or Battery

Shows the physical layer data

Ver 14.4

rate

based on the chosen modulation

and coding scheme. (MCS)
The minimum size of the

Contention Window in units of slot
time. The CW min is used by the

MAC to calculate the back off time
for channel access during a carrier

sense.
The maximum size of the

Contention Window in units of slot

time. The CW is doubled
progressively when collisions
occur.

¥ ow e Q
L LU pn—ll%

0 Ois the path loss at the reference

distance Q.

Unit: Decibel (dB)

‘Q is the distance between the
transmitter and the receiver.
‘Q : is the reference distance
defined in the standard.

—: is the path loss exponent.

Specifies how the Bit Error Rate

(BER) is calculated:
BER is determined based on

predefined tables mapping SINR to

BER.
BER is calculated using

mathematical formulas that account

for the modulation and coding

schemes used, based on the SINR

value.

It is used in the pathloss calculation
in the following models: Cost231

Hata Urban, Cost231 Hata

SubUrban, Hata Urban, Hata
SubUrban and Two Ray. This
parameter has no effect when

using any of the other pathloss

models.
Default:0.0 m.

A relative measur
ability to direct or concentrate radio
frequency energy in a particular

direction or pattern. The

measurement is typically measured

in dBi (Decibels relative to an
isotropic radiator).

Net Si m Yupporstoledype

of Antenna, Omnidirectional
Antenna.

VANETs communicate with each

other using battery power. By

default, the power model is set to

Main Line, which represents a

general-purpose alternating current

(AC) electric power supply.
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Energy . Local On or Off
Harvesting
Initial Energy Local 0.001-1000 mAh

Transmitting Local 0-5000 mA

Current

Idle Mode Local 0-500 mA
Current

Voltage Local 0-10V
Receiving Local  0-1000 mA
Current

Recharging Local 0-20 mA
Current

Network Layer
Routing
Protocol Global
DSR Routing Protocol

© TETCOS LLP. All rights reserved
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The power model is user-
configurable, with adjustable
properties.

Energy harvesting is the process of
deriving energy from external
sources (e.g., solar power, thermal
energy, wind energy, and kinetic
energy), capturing it, and storing it
for use in small, wireless
autonomous devices, such as
those in wearable electronics and
wireless sensor networks.

NetSim supports an abstract
energy harvesting model in which a
specified amount of energy
(calculated from the recharging
current and specified voltage) is
periodically added to the remaining
energy of the node to replenish the
battery. This feature can be turned
on or off.

A node has an initial value which is
the level of energy the node has at
the beginning of the simulation.

In the Transmitting mode (Tx
mode), the node consumes energy
to transfer packets or data. The
amount of energy consumed in this
mode depends on the number of
packets sent by the node, greater
the number of packets, the more
energy is consumed.

In idle mode, a node doesn't
transmit or receive data but still
listens to the wireless medium for
potential packets and new nodes.
This consumes less energy than
sending or receiving, as no active
communication occurs.

Voltage is a measure of the energy
carried by the charge.

In the Receiving mode (Rx mode),
the nodes are actively listening to
the incoming data, it consumes the
energy as it receives the data from
the sender.

Recharging Current refers to the
flow of electric charge supplied to a
battery during the recharging
process

DSR, AODV, ZRP and OLSR
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The user can enable either Link
Layer ACK (Layer 2 ACK) or
Network Layer ACK (Layer 3 ACK).
Link Layer ACK uses MAC layer
acknowledgment for route
maintenance, while Network Layer
ACK uses DSR acknowledgment
for route maintenance.

LINK_LAYER_ACK
ACK Type Global or
NETWORK_LAYER_ACK

For more details, refer to sections
3.2.1 and 3.2.2 of the MANET
Technology Library.

AODV Routing Protocol

Hello messages are periodic
broadcasts used to maintain
local connectivity and discover
neighbors, ensuring that nodes
are aware of each other's
presence.
Enabled : You will observe Hello
packets being sent and received
in the simulation.
Global | Enable/Disable Disabled : Hello packets are not
transmitted or received
Without HELLO messages,
AODV's route discovery
(RREQ/RREP) remains the
same. However, route
maintenance shifts from
proactive local link sensing (via
HELLO) to reactive link break
detection.
ZRP and OLSR Routing Protocol
Hello interval parameter is used for
neighbor discovery process. This
parameter determines how
frequently Hello messages are sent
out and also how frequently a
neighbor table will be updated.
Refresh interval is the duration
Refresh after which each active node
Interval ol Lwe periodically refreshes routes to
itself.
IARP is used by a node to
communicate with the interior
nodes of its zone and is limited by
the zone radius.
Topology Control messages are
the link state signaling done by
OLSR. These messages are sent
at TC interval every time.
Zone radius parameter is present
Zone radius Global | 2-225m for ZRP Protocol.

Hello
Message

Hello Interval Global | 1-100s

IARP Fixed

TC Interval Global 1-100 s
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ZRP divides the entire network into
zones. The radius of these zones is
defined by Zone radius.

Table 2-1: Datalink layer, Network layer and Physical layer properties for Vehicles and RSUs

2.7 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.

2 Create Scenario D, Set Traffic [E) Configure Reports ‘s Show/Hide Info

D

[} save @ é (tA)) RN 2] Wired Node (e AR || Devices B Links
3t = \¥=~/ 1000

<] Close ;i} [1 Wireless Node — - = m Applications

tt

File Run Simulation Vehicle Roadside Unit Wired/Wireless Links Node L2 Switch Router Access Point Rapid Configurator

Figure 2-12: Run Simulation option on top ribbon
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 vehicle mobility.

1" C:\Users\mihit\Documents\NetSim\Workspaces\v14.0\bin_x64\NetSimCore.exe - a X

std_14.8\/log directory. Error number 17

PR i e r——

Figure 2-13: NetSim simulation window and SUMO simulation window runs simultaneously
Users can see the movement of vehicles and observe vehicular simulation in SUMO and

observe equivalent simulation in NetSim.
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3 Model Features

3.1 Implementation of the 802.11p in NetSim

Ver 14.4

A The Ad hoc Wi-fi MAC allows for STA transmissions of data frames outside-the-context-

of-a-BSS (OCB). Establishing a secure BSS necessitates announcement, scanning,

synchronization, and association and the time required is extremely undesirable in

vehicular environments [1]. NetSim therefore allows for direct and instantaneous link

setups with no establishment of a BSS. There is no authentication nor association.
A Supports a channel bandwidth of 5MHz, 10 MHz, 20MHz in the 5.9 GHz band

A Supported PHY rates are as follows:
o 15,2.25,3,45,6,9, 12 and 13.5 Mbps for 5SMHz
o 3,4.5,6,9, 12, 18, 24 and 27 Mbps for 10MHz.
0 6,9, 12,18, 24, 36, 48 and 54 Mbps for 20MHz.

A The PHY rates for IEEE 802.11p in NetSim are determined from the MCS tables of IEEE

802.11-OFDM (provided below). The receiver measures the received power and is

assumed to transmit this information to the transmitter instantaneously and out of band.

The transmitter compares the received power to the receiver sensitivity and selects the

MCS where the received power meets or exceeds the sensitivity.

Receiver DE

e Sensivy - mate  Yeulld T Wl noex Sersivy  Rae
1 -88 1.5 BPSK 1/2 1 -85 3
2 -87 2.25 BPSK 3/4 2 -84 4.5
3 -85 S QPSK 1/2 3 -82 6
4 -83 4.5 QPSK 3/4 4 -80

5 -80 6 16_QAM 1/2 5 77 12
6 -76 9 16_QAM 3/4 6 -73 18
7 =72 12 64_QAM 2/3 7 -69 24
8 -71 13.5 64_QAM 3/4 8 -68 27

Table 3-1: MCS table for 5 MHz bandwidth

MOS ey mas  Modaton  Coung
(dBm) (Mbps)
1 -82 6 BPSK 1/2
2 -81 9 BPSK 3/4
3 79 12 QPSK 1/2
4 =77 18 QPSK 3/4
5 74 24 16_QAM 12
6 -70 36 16_QAM 3/4
7 -66 48 64_QAM 2/3

© TETCOS LLP. All rights reserved

Receiver Data

Modulation ~ Coding

Technique Rate
BPSK 1/2
BPSK 3/4
QPSK 1/2
QPSK 3/4

16_QAM 1/2
16_QAM 3/4
64_QAM 2/3
64 _QAM 3/4

Table 3-2: MCS table for 10 MHz bandwidth
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8 -65 54 64_QAM 3/4
Table 3-3: MCS table for 20 MHz bandwidth
A Transmission type is OFDM
o with slot time equal to 9 iand SIFS equal to 16 * ifor 20 MHz
o with slot time equal to 13 * iand SIFS equal to 32 “ ifor 10 MHz
o with slot time equal to 21 * iand SIFS equal to 64 * ifor 5 MHz
A Uses a Medium Access Control (MAC) protocol based on the Carrier Sense Multiple

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

0 When a node wants to send a message, the channel must be idle for a duration of
SIFS. If the channel is idle, it starts transmission.
0 Whenanodeynds the channel busy, it chooses a
interval [0, CW] and transmits only when the backoff timer has elapsed. The variable
CW represents the size of the Contention Window.
0 When the SCH is used and a node does not receive an acknowledgement for a
message, it concludes that the message has collided and is lost, so the value of CW
is doubled, and it will retry transmission.
o Inthe CCH however, beacons are broadcast in the channel and no acknowledgments
are sent. Therefore, the value of CW is never doubled in the CCH.

3.2 DSRC Channels: CCH and SCH

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

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

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

A Guard interval: A time interval at the start of each control channel (CCH) interval and

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

Each synchronization interval Sl is split as follows
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Sync period Sync period

<4— 100 msec > 100 msec ——p

Q Q Q o

§ CCH § SCH § CCH § SCH

e Interval S Interval e Interval e Interval

= =1 = =

(4] [¢] o o

2 2 2 2

= 2 {2 e
< S0 msec > 50 msec Guard interval = 4 msec

>
time

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

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

3.3 BSM Application

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

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

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

destination.
3.4 NetSim 7 SUMO interfacin g

Net Si mbs VANET modul e all ows user open-sourceroader f ace
traffic simulation package designed to handle vehicular & road networks. The road traffic
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.
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Net Sim and SUMO are interfaced using Opipesd. A
processes use for communication. The 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 vehicle
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 a 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 ad hoc/wireless link and modify the channel characteristics as per the
requirement.

Source code related to interfacing of SUMO and NetSim is available in Sumo_interface.c file

inside the mobility folder/project.

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

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

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

Netedit is a road network editor for the road traffic simulation in SUMO. This utility enables
users to efficiently design road networks and generate the corresponding network XML file,
which is an essential component of the 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 : "https://sumo.dir.de/docs/Netedit/index.html o for more details on m

operation.
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o |

Figure 3-2: SUMO NetEdit New Network Screen

Step 2: Select Creating junction and edges option as shown below or click on character "e" in

the keyboard.

B NETEDIT 1150

| Bl Modes Edit Lok Processing Locate Tools Window Help HJ_ #2 Demand il D:ta
ICLEEFIEXY Pl L e

MVt Ex47 BHHan-s|

[Q 2/ -

Create Edge

@ Create default edge

I™ Disallow for pedestrians
I™ Add Sidewalk

" Use edgeType/template

op Add 3 Delete

. Create from template

- Template selector N

]

3.89
allow all

disallow

right
1

spreadType
priority

il

il

- Internal attributes

y
il

LaneType selector

dpadd | 53 Delete

- Internal attributes
[ o [

Create Junction and Edges

Figure 3-3: SUMO NetEdit Screen

Step 3: Enable the check boxes "chain 0 two*way"a n d @ Gvhichdré presentin the right-

side corner.

© TETCOS LLP. All rights reserved
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NETEDIT1.15.0
File  Modes Edit Processing Locate Jools Window Help o Network 58 Demand i Dat=
BEOLE Al O -®e| %] Q0 E=SEvEa=Szae7 BEH+E2FE
Create Edge 11

- Template selector =
& Create default edge Grid Two way
I Disallow for pedestrians Chain
™ Add Sidewalk
" Use edgeType/template

j
_padd | o |
M Crste from template_ |

- Internal attributes

numlanes 1

speed 13,80

allow al
disallow
spreadType  right j
pricrity
width -1.00

B Help
- LaneType selector

lane: 0 |
ok Add

= Internal attributes

speed

Figure 3-4: 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.

BB o ass

- 5 x
Bl Modes Edi Drocessing lacste  Jook Mindow Help etk | 5 emvara . 0ata

L SO @ DM s A |E|S A 'E=NEVEASE4TF BE+swn-8

Create Edge

[ T

Figure 3-5: Creating edges SUMO NetEdit design window

Step 6: Select "(t) Traffic Lights ". Select the junctions and click on Create TLS button on the
left to add Traffic Signal to it.
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B bt - NETEDIT 1150 - 8 x
e Modes B Pocessing Locste Took Window it | | [ENERNAN Boewrd | i 0wa

=] Al @ O ui O = qQ EssEvElaeS=aT T+E=E
Edit Traffic Light A
Tt Lt

Traffic light

e

ST, 210 150527 21404 o pececion defmed )

Figure 3-6: Adding Traffic Signal to Network

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

B hexnet.com! - KETEDIT 1150 . =] %
e bodes [t lock Brocessing Locts Took Mindow Hep Tl Roeros | o
1] SO @ D s <@ @ Qo E=slviEasSsaey A+EE®

Edit Connections
- Lane &/

Connect

=
45756, y 2024 [5s157.96, ;:20240 No prejection defined) ]

Figure 3-7: Select the lanes and connectivity between them

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

network.net.xml
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' Invert selection

Share View
5 New item ~ + Select all
=l A v
1 | Easy access v = Edit Select none
Pin to Quick Coy = ’ Delete Rename New Properties
access i Faste shortcut 2 folder - &) History
Clipboard Organize New Open Select
) v A > ThisPC > Desktop > SUMO v
Name Date modified Type
s Quick access
(D network.net.xml 19-10-2023 14:04 ML Document

@ OneDrive - Personal

[ This PC
J 3D Objects
Desktop

Figure 3-8: network.net.xml inside the folder

Step 9: Open command prompt with the current working directory as the folder where you

have saved the network file in the previous step.
Step 10: Using randomtrips.py utility present in <SUMO_INSTALL DIRECTORY>/tools
directory create trips file with the command.

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

Example Command >"

"network.net.xml"

¥ C:\Windows\System3Zicmd

-e 5 --route -file "trips.xml"

C:\Program Files (x86) \Eclipse \Sumo \tools \randomTrips.py" -n

Figure 3-9: Generating route file (trips.xml)

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

Step1l: Cr eat e-satiif nbe.

file for
interface (GUI).

Followingisafif-s et i ngs.

<viewsettings>

xmlo file in

xml o fil e:

<scheme name="NetSim_VANET">

<vehicles vehicleQuality="2" vehicle_exaggeration="4.00">

</vehicles>
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your folder

improving the visualization of vehicles and their movements in a graphical user
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</scheme>
<delay value="500"/>
</viewsettings>

Step 12: 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)
fi < s tlength value="0.4"/> "
Following is a sample SUMO Configuration:
<configuration>
<input>
<net-file value="network.net.xml"/>
<route -files value="trips.xml"/>
<gui-settings -file value="file -settings.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 - O X
“ Home Share View (2]
4 Cut L“",New item v Open r—HSeled all
= -. vl :
- W] Copy path T | Easy access v Edit Select none
Pin to Quick Copy Paste Move Copy Delete Rename New Properties o
access #| Paste shortcut to to - folder - £ History 1 Invert selection
Clipboard Organize New Open Select
v 4 > ThisPC > Desktop > SUMO v O Search SUMC

Name Date modified

s Quick access

I configuration.sumo.cfg 1 KB I

@ OneDrive - Personal 2 file.settings.xml 1KB
& 10KB

[ This PC ":52 network.net.xml 0KB
@] tripstripsxml 1KB

P 3D Objects = .p 2 .
,;',—,j trips.xml KB

Desktop

Figure 3-10: 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.

(5] Conpgurstion sumo.cig - SUMO 1150 - e ox
5 Fie ot Settings Locote
& @@ -
¢#afle ™™

ietion Window  Help -lax

o tem

e DeskcphusnchSUIO S———— -
=

SUMO Vehicles in closed lsogCorfigSupport\Configuration.suma.cfg' loaded. oo 2| 31732 23528 [<317.32, y235.28 (No projection defined)

Figure 3-11: 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
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.
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NetSim's VANETs module can interface with SUMO traffic simulator to bring in
realistic mobility models. To do this, you need to provide NetSim a SUMO
configuration file with extension sumo.cfg or sumocg.
100
[ open x
1050 4 | ThisPC > Local Disk (G > SUMO v O £ Search SUMO
Organize v Mew folder - T @
1000 A Name Date medified Type
s Quick access
5] configuration.sumo.cfg 19-10-2023 15:56 CFG File
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J 3D Objects
900 I Desktop
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¥ Downloads
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File name: | configuration.sumo.cfg | [sumoFies .cfg, *sumocig)
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Figure 3-12: Importing a sumo network configuration into NetSim
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Figure 3-13: Network Topology in this experiment

T
1700

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.
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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
si gnal 0 e htps:/$uRedr.defwiki/Networks/PlainXML#Node Descriptions).

NODES.nodxml + X
&}

prierity
traffic_light
rail_crossing
priority
traffic_light
type="traffie_light

Figure 3-14: Device Positions in nodes file
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).

EDGEedgxml & X
=]

id ] b g y nolane
id="R8: : 1" priority
id 2 1" priority
id : 2" pr
id 3 2" priority
id 2 }" prieority
il : priority

o m m m

o

id - 8" priority
id="D b priority
id - 1" priority

o

o

o
(I O T T 1 T 1 - T - 1 T T 1 T I |

id
id
id
id
id
id

=]

priority
priority

=
[T ]

=]

pr )
priority nolane
priority nolane

=]
£ o

Figure 3-15: Edge file
Step 3: Open Command Prompt and change the directory to the binary folder of sumo using

cd command. i ¢ @:\Program Files (x86) \Eclipse \Sumo \bin 0
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Figure 3-16: Open command prompt in installation directory
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 A <p at the.nodixenlfile ispresent>\<f i | ename>enddpamhowher

the .edg.xml file is present>\<f i | ename >-0e digs xartihd® wher e both

BN

present>\< f i | ename>. net . xml 0

onnection
connection reduced b

f turning connection ‘L12_@- @' reduced b

f turning connection ‘Ul4_e- reduced b

f turning connection 'U14_ 8- reduced b

Figure 3-17: Generating Network file by using NETCONVERT command

Step5:Create a .rou.xml file that describes
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VEHICLES.rowxm! + X

id="ve" depart="e.88
edges="D8UY RU5 U35 L23

id="V1" depart="8.880
edges="R12 R23 D35 Lu5 Le1

id="v2" depart="e.88
edges="R81 R12 R23 D35

id="v3" depart="6.880
edges="R81 D14 RU5 U35

id="v4" depart="e.88
edges="D35 L45 Ul4 R12

id="v5" depart="e.88
edges="R45 U25 L12 L6l De4Y R

—Or————— 00— O——0—0——0

Figure 3-18: Direction of the vehiclebds movemen

Step 6: Create a sumo configuration 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 + X

value="NETWORK.net.xml
value="VEHICLES.rou.xml

value="8
value="288

value="1

Figure 3-19: Sumo configuration file
Step7: Now open fANew \GANEIT ta.t i oo s e t sumo.clgdronfthegur at i

specified folder and run simulation using NetSim.

3.6 How to include Roadside Units (RSUs) 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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4

:
1200 ----2% iy

1100 -+

1050 o

T T T T
800 900 1000 1100 1200 1300 1400 1500 1600 1700

1800

Figure 3-20: Importing a sumo network configuration into NetSim

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

the RSU icon from the ribbon.

\. Q Wired Node i l Devices

(( ’) -, (wm
= '\ : 2 ) =
oS Q Wireless Node ~ Applications

Vehicle Roadside Unit Wired/Wireless Links Node L2 Switch Router Access Point

Figure 3-21: RSU icon from the ribbon

RSUs should be connected using ad hoc links manually.

N e

i Creste Scenaria

E§ sae

€| Close

options  Help | Network: VANET | Workspace: v_14.30

T2, Set Traffic [E}: Configure Reports

® &

File Run Simulation Vehicle

[s Show/Hide Info
) RN ] Wired Node
A 7‘};‘& ‘j;_f Wireless Node

Wired/Wireless Links: Node

eves
J—

Rapid Configurator

bt AT
GOl

Roadside Unit L2 Switch Router Access Point

Links

Rapid Configurator

Links

4
1200

100 o

1050 o

T T T T
800 900 1000 1100 1200 1300 1400 1500 1600 1700

Figure 3-22: NetSim Design Window
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Traffic can be configured between RSUs and vehicles via Application configuration.
3.7 Radio measurement log file and plots

NetSim IEEE 802.11 Radio Measurements log file records pathloss, shadowing loss, fading
loss, received power, transmitted power, SNR, and BER. This log can be enabled by clicking
on configure reports in top ribbon > Plots > Select IEEE 802.11 Radio Measurements log under
Network Logs as shown below

w File Options Help | Network: VANET | Workspace: NETSIM | Experiment: No. of Transmitting nodes - 4

A Create Scenario @y set Traffic [El configure Reports | %5 Show/Hide Info

) ' Network Performance /] Packet Trace All Network Packets Do not log * | Reinjected from Emulator Do not log - S—
il = | &
[ ] Event Trace Dispatched to Emulator Do not log * | Not Dispatched to Emulator Do not log v g =
View Results Tabular Summary Traces Emulator Logs Flots Mobility Viewer
s N
1000 L C »
7]
Q S
4 Network Logs
800 -
o
Select All g
s H
(V)] ’ )
| IEEE 802.11 Radio Measurements Log
600 N
|EEE 802.11 Backoff Log =
5
IEEE 802.11 Log
fa, 1
400 35*24“ | Mobility Log z
T, =
« B g
Tean, T, | Energy Lag =
“aa, s
L “
200 M2 g . Buffer Occupancy Log
Y ~ =
=3
Application Packet Flow i
i 1
0 w&lfq Plot generation is a two-step process. Initially. select the
T T T T T T T T T T CH A T parameter(s) you wish to plot from the list above.
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 | Subsequently, choose the specific device, link, application etc., 3
in the plots window, which becomes accessible after the @
4 > simulation conchides.
(1357.769, -84.483) € (7 AuoComnect (On 8 = pb———— +  100%

Figure 3-23: Enabling IEEE 802.11 Radio Measurements log for VANETSs
The IEEE802.11 Radio Measurements log.csv file will contain the following information:

Time in Milliseconds
Transmitter Name
Receiver Name

Distance between the Transmitter and the Receiver in meters
Packet ID

Packet Type

Control Packet Type
Transmitter Power in dBm
Pathloss in dB
Shadowing Loss in dB
Fading Loss in dB

Total Loss in dB

=A =4 =4 =4 =4 4 4 4 4 -4 -4 -4 -4

Transmitter Antenna Gain in dB
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Receiver Antenna Gain in dB
Received Power in dBm
Interference in dBm

SNR in dB

SINR in Db

NSS (Number of Spatial Streams)
BER

MCS Index

=A =4 =4 =4 -4 4 -4 -4

Ver 14.4

The log file can be accessed from the Simulations Results Window under the logs as shown

below.

3 Simulation Results

X s

View Network Export Results

= Application Metrics

= Link Metrics
L;‘ Plots
@ Logs

=1 Traces

IEEE_802_11_Radio_Measurements...

[ jPacket Capture

ﬁ Saved Plots
Traces

Additional Metrics Packet Trace logs a set of chosen parameters for every packet/event.

Plot User Options No Data Available.

Saved Plots

ecords various network parameters at predefined time intervals into a csv file.

No Data Available.

C Refresh

Packet Capture

peap files which can be opened using Wireshark.

Simulation Performance
No Data Available.

Emulation Performance
No Data Available.

Figure 3-24: Opening IEEE 802.11 Radio Measurements log from simulation results window.
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(Y- T IEEE802_11_Radio_Measurements_Lo.. v £ Search e @ Q - B8 x

File Home Insert Pagelayout Formulas Data Review View Help Table Design - Comments

13 v i fx~ -4.3289081 ~
A B c D |2 F G H I J K o

1 Time(ms) - |Ti i - Receiver Nai ~ Di: m) - PacketID - Packet Type - Control Packet Type - Tx Power(dBm)| - Path Loss(dB) - ing Loss(dB) - Fading Loss{dB) - Total Los '
2 100.69101 VEHICLE 2 VEHICLE_3 243.527125 0 Control_Packet DSR_RREQ 30 95.575322 -5.595446 0 8¢
3 100.69101 VEHICLE 2 VEHICLE 4 404.304709 0 Control_Packet DSR_RREQ 30 99.978551 1.793508 0 101
4 100.69101 VEHICLE_2 VEHICLE_1 237.547768 0 Control_Packet DSR_RREQ 30 95.359394 1.596765 0 9€
3 100.69101 VEHICLE_2 RSU_S 663.276054 0 Control_Packet DSR_RREQ 30 104.278261 -4.328901 0 €
6 101.28212 VEHICLE_1 VEHICLE_2 237.547768 0 Control_Packet DSR_RREQ 30 95.359394 -12.466059 0 8z
7 101.28212 VEHICLE_1  VEHICLE_3 463.041645 0 Control_Packet DSR_RREQ 30 101.156776 -10.720817 0 9C
8 101.28212 VEHICLE_1 VEHICLE_4 580.854919 0 Control_Packet DSR_RREQ 30 103.125728 -4.622584 0 9€
9 101.28212 VEHICLE_1 RSU_5 608.668813 0 Control_Packet DSR_RREQ 30 103.531996 -5.654674 0 97
10 101.95723 VEHICLE_2 VEHICLE_3 243.527125 0 Control_Packet DSR_RREQ 30 95.575322 -5.595446 -2.731894 87
1 101.95723 VEHICLE_2 VEHICLE_4 404.304709 0 Control_Packet DSR_RREQ 30 99.978551 1.793508 -7.57662 94
12 101.95723 VEHICLE_2 VEHICLE_1 237.547768 0 Control_Packet DSR_RREQ 30 95.359394 1.596765 0.563517 97
13 101.85723 VEHICLE_2 RSU_S 663.276054 0 Control_Packet DSR_RREQ 30 104.278261 -4.328901 -3.529649 9€
14 102.67434 VEHICLE_1 VEHICLE_2 237.547768 0 Control_Packet DSR_RREQ 30 95.359394 -12.466059 -3.303039 7c
1]5 102.67434 VEHICLE_1 VEHICLE_3 463.041645 0 Control_Packet DSR_RREQ 30 101.156776 -10.720817 -24.4777 <
16 102.67434 VEHICLE_1 VEHICLE_4 580.854919 0 Control_Packet DSR_RREQ 30 103.125728 -4.622584 -14.113644
17 102.67434 VEHICLE_L1 ~ RSU_5 608.668813 0 Control_Packet DSR_RREQ 30 103.531996 -5.654674 1.768669 9¢
18 103.57324 VEHICLE 4 VEHICLE_2 404,304709 0 Control_Packet DSR_RREQ 30 99.978551 -8.298012 0 91
19 103.57324 VEHICLE_4 VEHICLE_3 196.707921 0 Control_Packet DSR_RREQ 30 93.720812 1.234993 0 94
20 103.57324 VEHICLE 4 VEHICLE_1 580.854919 0 Control_Packet DSR_RREQ 30 103.125728 -0.157859 0 1c
21 103.57324 VEHICLE_4 RSU_5 587.801927 0 Control_Packet DSR_RREQ 30 103.228995 -4.318221 0 9€
22 105.13224 VEHICLE_3 VEHICLE_2 243.527125 0 Control_Packet DSR_RREQ 30 95.575322 -1.960566 0
23 105.13224 VEHICLE_3 VEHICLE_4 196.707921 0 Control_Packet DSR_RREQ 30 93.720812 7.313362 0
24 105.13224 VEHICLE_3 VEHICLE_1 463.041645 0 Control_Packet DSR_RREQ 30 101.156776 -4.519212 0
25 105.13224 VEHICLE_3 RSU_S 674.28812 0 Control_Packet DSR_RREQ 30 104.421285 8.653808 0

< > IEEE_802_11_Radio_Measurements_  piyot Table(Custom) - HE | >

Figure 3-25: IEEE 802.11 Radio Measurements log file.

Enabling the plots is explained in the section 2.5. Here is the plot showing the transmit energy

vs. time for an DSR scenario with five vehicles.

Eg NetSim - Plots | Energy_log_Transmit_Energy_Running_Total_vs_Time

g = = O

Close  Export Image Export Table  Save » Annotations

Time (ms) |0 10000000 Plot ‘ Table v

Select parameter to plot
»

Device Na... |VEHICLE_6 e

Add as new Series Transmit Energy vs. Time
80 =
Plot ~ A Transmit Energy (m)) of Vehicle 1 —
= @ Transmit Energy (mJ) of Vehicle 2 e /
L 702 & Transmit Energy (mJ) of Vehicle 3 -
Series List E -
= @ Transmit Energy (mJ) of Vehicle 4
Hide  Transmit Energy (mJ) of Ve... 60— ¥ Transmit Energy (mJ) of Vehicle 5 _
Hide Transmit Energy (m)) of Ve... E
Hide Transmit Energy (mJ) of Ve... ] 50—
'
Hide Transmit Energy (mJ) of Ve... !
Hide  Transmit Energy (mJ) of Ve...

Transmit Energy Running Total (m)J)
8

10

0.000e+2  10.000e+2 20.000e+2 30.000e+2 40.000e+2 50.000e+2 60.000e+2 70.000e+2 80.000e+2 90.000e+2 99.994e+2
Time (ms)

Figure 3-26: Plot of Transmit Energy vs Time for VANET
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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 i the parameters that can
be changed and the typical effect it has on performance.

Note: In all VANET featured examples, the error model is set to SINR BER by Formula.
4.1 Import ing a simple VANET scenario from SUMO

Open NetSim and Select Examples > VANETs > Importing a simple VANET scenario from
SUMO then click on the tile in the middle panel to load the example as shown in below

screenshot.

Suspot

Figure 4-1: List of scenarios for the example of Importing a simple VANET scenario from SUMO

This scenario involves a simple road traffic network scenario as shown below:
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An equivalent network is created in NetSim by importing the SUMO configuration file. In

NetSim the TCP/IP stack parameters of the devices are configured along with network traffic

between vehicles.

apprasmt

Figure 4-3: Network scenario after importing into NetSim and configuring application traffic

The properties of Application, vehicle and link are set as follows:

Application Properties

Application Type BSM
Application Method UNICAST
Packet Size 20 (Bytes)
Inter Arrival Time 1000000 ( ¢
Link Properties
gﬂg?;cetieristics N FEllees
Physical Layer Properties (Vehicle)
Standard IEEE802.11p
Transmitter Power 40 mW
Antenna Gain 1 dBi
Antenna Height 1m
Bandwidth 10 MHz

Table 4-1: Application, Link and Physical layer Properties

Note that the packet trace is enabled under the Configure Reports tab, and the mobility log is

enabled under the Network Logs present in the plots on the right side. This allows for the

recording of data traffic flow and vehicular movement

© TETCOS LLP. All rights reserved
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After running the simulation, Packet Trace can be used to visualize packet flow along with

packet information and Mobility log can be used to record vehicle mobility.

The Mobility Log records
positional coordinates of
devices over time.
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Figure 4-4: : Packet Trace and Mobility log window

Simulation results dashboard provides the performance metrics of protocols running in

different layers of the network stack of the devices.

[# simulation Results

X

View Network

;m
Export Results
= Application Metrics
= Link Metrics

‘ Plots
0 Logs
5 Traces
&3 Packet Capture

&8 saved Plots

Additional Metrics

Application Metrics

[

0 pertorma

Application ID__ Application Name  Source ID Destination ID _ Throughput (Mbp:  Delay (us) Jitter (us)  Packets Generated Packets Received Payload generated Payload received (I
1 Appl BSM 4 5 0000158 50200.565556 999734604 % % 1980 1980
Link Metrics

Packets Transmitted Packets Errored Packets Collided
Link ID Bytes Transmitted (B Payload Transmitted Overhead Transmitte
Data Control Data Control Data Control

Al 99 9 0 0 0 0 8415 1960 5435
1 % %9 0 0 0 0 8415 1960 6435
Plots
Clck on the desived plot. Then in the plots mode chocse the desred sppicaton. ink. devi

Link Performance

Throughput vs Time

Logs

sk parameters 3t predefines 5

Link_Packet Log.csv Mobility_logesv
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4.2 V2V and V2I communication involving Vehicles and
RSUs

Open NetSim and Select Examples > VANETs > V2V and V2| communication involving
Vehicles and RSUs then click on the tile in the middle panel to load the example as shown in

below screenshot

VNET: inwoling SLs.

NetSim VANET supports V2 and V2| communication. RSU's

are now part of the GUI environment and can be dropped in
License Settings addition to importing Vehicles from a SUMO configuration
Traffic can be configured between vehicles(V2V) and between
vehicles and RSU's (V21).

re working of the different technoloay ibraries in NetSem, Expand and ¢lick on the fle ram s, Then elick om a le in the idfie panel 10 lead the smulstian. Cick on the book can on the lef (Example Simul)

Support eam Documentation

Figure 4-6: List of scenarios for the example of V2V and V2| communication involving Vehicles and
RSUs

NetSim VANETs module supports V2V and V2| communication. RSUs 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 RSUs (V2I).

This scenario involves a simple road traffic network scenario as shown below:
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Figure 4-7: Network topology in Sumo

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

Figure 4-8: Network set up for scenario involving vehicles and RSUs for v2v and v2i communication
After i mporting the SUMO configuration flml e in
NetSim the TCP/IP stack parameters of the devices are configured along with network traffic

bet ween vehicles and between vehicles and RSUO6s.

Settings done for the Experiment:

Application -1 Properties

App Type CBR

Application Method BROADCAST
Transport Protocol UDP

Packet Size 1460 (Bytes)

Inter Arrival Time 1000000 ¢
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Application -2 and 3 Properties

App Type
Application Method
Packet Size

Inter Arrival Time

Link Properties

Channel Characteristics

Physical

Standard
Transmitter Power
Antenna Gain
Antenna Height
Bandwidth

Layer

BSM

UNICAST

20 (Bytes)
1000000 ( ¢

No Pathloss
Propertie;
IEEE802.11p

40 mwW

1 dBi

Im

10 MHz

Table 4-2: Application, Link and Physical layer Properties

Note that the packet trace is enabled under the Configure Reports tab, and the mobility log is

enabled under the Network Logs present in the plots on the right side. This allows for the

recording of data traffic flow and vehicular movement

After running the simulation, Packet Trace can be used to visualize packet flow along with

packet information and mobility log can be used to record vehicle mobility.

Packet Trace captures the transmission
of packets between various devices.

=

The Mobility Log records
positional coordinates of
devices over time.

[ET T

Figure 4-9: Packet Trace and Mobility log window

Simulation results dashboard provides the performance metrics of protocols running in

different layers of the network stack of the devices.

© TETCOS LLP. All rights reserved

Page 45 of 73



Ver 14.4

sl
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time division

Figure 4-10: Result Dashboard

4.3 Throughput, delay and collisions with SCH and CCH

All the following examples are available in NetSim GUI. Navigate to Example > VANETs >

Throughput, delay and collisions with SCH and CCH time division. Within Throughput, delay

and collisions with SCH and CCH time division users will see four folders. Each folder

comprises simulation samples for Parts 1, 2, 3 and 4 as explained below.

4.3.1 Background

Dedicated short range communication (DSRC) which uses two channels: Service channel

SCH and Control channel (CCH). Each synchronization interval Sl is split as follows

Sync period

Sync period

44— 100 msec & 100 mse¢c ——p
(5] Q Q Q
5 CCH g SCH g CCH 5 SCH
e Interval S Interval el Interval e Interval
= = = =1
o o o o
2 2 2 2
= o, £ !
< 50 msec 50 msec Guard interval = 4 msec

>

time

Figure 4-11: We see the time divisions in DSRC. Each synchronization period consists of 1 CCH, 1
SCH and 1 guard interval. While the sync period is generally equal to 100 ms. NetSim allows users to
modify the CCH and SCH interval, and in turn the total Sync period.
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All devices switch between SCH and CCH and the alternation is based on the time divisions.
NetSim allows the user to configure values of CCH interval, SCH interval and Guard interval.
The default channels used in NetSim are SCH 171 (5.855 GHz) and CCH 178 (5.890 GHz)

Multiple nodes access the medium using 802.11p protocol. IEEE 802.11p PHY operates in the
5.9 GHz band with a channel bandwidth of 10 MHz 802.11p is an adaptation of the IEEE
802.11a standard used in Wi-Fi systems.

4.3.2 Simulation scenario

()
ARSuRl) 7 BSM Tr@rfdadcast

CBR Tr@rifgast

- - - —

R
V1 V2 V3 V4 ca

Figure 4-12: lllustration of the VANET scenario under study. The network comprise 4 vehicles and 1
roadside unit. Each vehicle transmits two applications: (i) a BSM broadcast application that is sent to
all other devices (vehicles plus RSU) within range and (ii) a CBR application transmitted to the RSU

The scenario comprise four vehicles, V1, V2, V3 and V4 communication to the RSU, R1 and
to one another. As explained in Figure 4-12 each vehicle sends unicast CBR traffic to the RSU
and broadcasts BSM (safety messages) to one another. Recall that per DSRC functioning,
BSM is sent on the CCH while CBR is sent on the SCH.

4.3.3 Simulation parameters and results
4.3.4 Part 1: Throughput

Open NetSim and Select Examples > VANETs > Throughput, delay and collisions with
SCH and CCH time division > Throughput then click on the tile in the middle panel to load
the example as shown in below Figure 4-13.
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Figure 4-13: List of scenarios for the example of Throughput
The following network diagram illustrates what the NetSim Ul displays when you open the
example configuration file throughput as shown in below Figure 4-14.

Figure 4-14: Network setup for studying the Throughput

Settings done for the Experiment:

Application Properties

Application Type BSM (Applications 1-4)
Application Method Broadcast

Packet Size 20 (Bytes)

Inter Arrival Time 320 (es)
Application Type CBR (Applications 5-8)
Application Method Unicast

Packet Size 1460 (Bytes)
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Inter Arrival Time 5840 (€&5s)
Link Properties
gﬂgrgcileristics FEIEES Qmly
Pathloss Model Log distance
Pathloss Exponent 2
Datalink Properties

CCH Time zmc;r?\?éé?nrg)s, 30ms, 50
SCH Time 8mosrz1\§ér7y':i3nrg)s, 70 ms, 50

Physical Layer Properties (Vehicle)
Standard IEEE802.11p
Transmitter Power 100 mW
Antenna gain 1 dBi
Antenna height 1m
Bandwidth 10 MHz

Table 4-3: Application, link and Physical layer Properties

Note that the packet trace is enabled under the Configure Reports tab, and the mobility log is
enabled under the Network Logs present in the plots on the right side. This allows for the

recording of data traffic flow and vehicular movement

4.3.4.1 Results
The BSM application is configured with packet size of 20B and inter-packet arrival time of 320
‘ { while the CBR application is configured with packet size of 1460B and inter-packet arrival
time of 5840 ‘ B

CCH20ms CCH25ms CCH30ms CCH50ms

Application App_ll_ication 3 SCH80ms SCH75ms SCH70ms gSCH50ms

ype Throughput
BSM 1 Broadcast 0.5 0.096 0.121 0.146 0.240
BSM 2 Broadcast 0.5 0.104 0.129 0.155 0.261
BSM 3 Broadcast 0.5 0.108 0.136 0.162 0.274
BSM 4 Broadcast 0.5 0.113 0.142 0.171 0.286
Sum Throughput (Mbps) 0.421 0.528 0.634 1.061
S(gggféoé‘g;‘/%“é; 2.105 2.111 2113 2.122
CBR1 Unicast 2 1.838 1.690 1.592 1.085
CBR 2 Unicast 2 1.769 1.722 1.529 1.134
CBR 3 Unicast 2 1.848 1.707 1.601 1.190
CBR 4 Unicast 2 1.861 1.718 1.659 1.143
Sum Throughput (Mbps) 7.316 6.837 6.381 4552
S(‘gggf(r:ogg;‘/ps”é; 9.145 9.116 9.115 9.104

Table 4-4: We see that as the CCH interval increases, BSM application has higher throughput rate.
Similarly, as the SCH Interval decreases there is a decrease in throughput rate.
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4.3.4.2 Observations

1. BSM in sent on CCH; CBR is sent on SCH. Increasing the fraction of time for CCH
increases BSM throughput. Increasing the fraction of time for SCH increases CBR
throughput.

2. As expected, Sum throughput divided by SCH fraction is equal for all cases. Similarly, Sum
throughput divided by CCH fraction is equal in all cases. This verifies the working of time
division between CCH and SCH.

4.3.5 Part 2: Delay

Open NetSim and Select Examples > VANETs > Throughput, delay and collisions with
SCH and CCH time division > Delay then click on the tile in the middle panel to load the

example as shown in below screenshot

Figure 4-15: List of scenarios for the example of Delay
The following network diagram illustrates what the NetSim Ul displays when you open the

example configuration file throughput as shown in below Figure 4-26.
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