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1 Introduction

In Ne t Silmeénstworks library, wireless nodes connect to an Access Point (AP) while in
Net SilLimand 5G libraries, the mobile nodes (UEs) connect to base stations (eNBs,
gNBs). There is no such association between the wireless stations and any fixed infrastructure
in MANETS.

A Mobile Ad hoc Network (MANET) is an autonomous system of mobile nodes. In such
networks, information transport services are built over a set of arbitrarily located nodes, which
are possibly mobile. Every node behaves both like a mobile host and as a wireless router.
There are many obvious applications for such networks, including emergency

communications, vehicular communications, and military applications, etc.

Such networks have dynamic (sometimes rapidly changing), random, multi-hop topologies that
are composed of relatively bandwidth-constrained wireless links. MANETs must therefore
support efficient operation in mobile wireless environments by incorporating routing
functionality into mobile nodes. Note that such multi-hop networks exploit spatial reuse;

transmissions can occur simultaneously on links that are sufficiently separated in space.

In NetSim MANETS, data packets are sent between source-destination pairs by multi-hop
relaying. The MANETs in NetSim may operate in isolation or may have bridge nodes to
interface with other networks (wired networks or even other MANETS).

NetSim MANET library supports the following protocols [1].
A Layer 3 Unicast Routing

o Dynamic Source Routing (DSR)

o0 Ad hoc On demand Distance Vector Routing (AODV)
0 Optimized Link state Routing (OLSR)

0 Zone Routing Protocol (ZRP)

A MAC / PHY (interfaced from NetSim Internetworks library)
o0 802.114a,b,g,n,ac.pande
NetSim MANETs component can be interfaced with:

A NetSim Component 6 (IOT) module to run 802.15.4 in MAC/PHY
A NetSim Component 9 (VANETSs) module to run IEEE 1609 WAVE in MAC/PHY
A NetSim TDMA Radio Networks (Add on) to run TDMA/DTDMA in MAC/PHY

© TETCOS LLP. All rights reserved Page 6 of 113
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Figure 1-1: A typical MANET Network scenario in NetSim. The topology shows multiple MANETs
connected via a bridge node, and connected to an external network through a router
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Figure 1-2: The Result dashboard and Plot window shown in NetSim after completion of simulation

The digital communication system employed, the transmit power used, and the radio

propagation

char acter

i stics of the envi

Performance analysis of wireless ad hoc networks is a challenging task because such analysis

must consider the interactions between the wireless physical layer, radio propagation, multiple

access, random topology, routing, and the characteristics of the application that generates the

traffic carried by the network. Therefore, unlike wired and fixed-topology networks,

understanding and optimizing the performance of MANETS is a difficult undertaking owing to

the compl ex
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2 Simulation GUI

Ver 14.4

In the Main menu select A New Simulation A Mobile Ad hoc networks as shown Figure 2-1.

3 Netsim Home

NetSim Professional

Network Simulation/Emulation Platform

Version 1425 (64 Bi)

New Simulation [N
Your Work o
Eramples
Expesiments
Ucense Settngs
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Support

Choose a Network
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Propagation, Application Models, Netwark Stack,
Simulation Kernel Network Logs and Plot Engine.
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Internetworks librasy

8 Licensed

€2 Underwater Acoustic Networks
Festures undenvater communication using the
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Figure 2-1: NetSim Home Screen

2.1 NetSim MANET Network Setup

[E NetSim Home

NetSim Professional
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Version 14.2.5 (64 Bit)

| New Simulation
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Examples

Experiments
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Ctrl+N

Ctrl+0O
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layer. Ad hoc routing protocols supported are
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multiple  MANETs.  bridge  nodes  for
interconnecting multiple MANETs and to connect
wired devices such as switches, routers and wired
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d Licensed il

Figure 2-2: MANET Network Setup window.

2.1.1 Deployment Architecture

G Internet of Things
Features WSN, RPL and 6LOWPAN vith MANET
touting. loT interfaces with Intemetworks and
MANETs ioaries

& Leensed

i Satellite Comm. Networks.

Features Geo stationary satelite, TOMA in Ku
Band and MF-TOMA in Ka Band per OVB 52
Interfaces with Internetworks ibrary

& Uicensed

Cantact Us
Email - sales@tetcos.com
Phone - +01 767 605 4321
Webste =

The deployment options have been grouped into 2 categories. Standard MANET option where

the scenario comprises only wireless nodes without any bridge node. Interconnected

MANETSs option allows users to connect two or more MANETS using a bridge node.

© TETCOS LLP. All rights reserved

Page 8 of 113



Ver 14.4

Standard MANET : In Standard MANET, a network scenario can be created using ad-hoc links
and wireless nodes. Standard MANET supports DSR, AODV, OLSR and ZRP Routing

protocols.
Ji Create Scenario T2, Set Traffic [—‘} Configure Reports [ Show/Hide Info
~ L
R Save [ 1 Wireless Node Omni Ant °I\ Devices Links
[: : = w
| Close ) Wireless Node Sector Ant .,3?{., Applications
L oI PP
File Run Simulation MNode Wired/Wireless Links Rapid Configurator
0 50 100 150 200 250
0 I 1 1 1 I
i 1
P '. N
B IL'in|g1 "
100 o
-7 |1 N
- Y
@,11 1 \

Q I.I \ :
) .
, v
] Wirsless Node Omni Y .
* ] =

Wirzless Node Omni
Wireless Node Omni Ant3

Ant_2

Figure 2-3: A Single MANET scenario.
Interconnected MANETs : In Interconnected MANETS, a network scenario can be created
using multiple MANETS, bridge nodes for interconnecting multiple MANETS, and wired devices
like switches, routers, and nodes. Interconnected MANETSs support only DSR and AODV

routing protocols.

¢ Create Scenario T Set Traffic [Z)- Configure Reports [ig Show/Hide Info
[] g S
B Save 1 Wireless Node Omni Ant [;l N 7] Wired Bridge Node o N
= v AN -
@ % _ \ 's/l s
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1 ! F
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Ant2 ’ : 1 At
00 4 ] L g4 LY Y ]
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Figure 2-4: Interconnected (Multiple) MANET Scenario
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2.2 Fast Configuration

m Device Placernent and Grid Settings X

Grid Settings

The default grid is a square grid, and you have the option to set
the origin and the grid dimensicns,

Origin Dimensions

XMin(m) 0 Width (m) |100

¥ Min (m) O Length (m) [100

Device Placement Strategy
) Manually via Click and Drop
(®) Automatic Placement
® Uniform Placement
() Randem Placement
() File Based Placement

Number of Devices |16

Device Placement Area

The default grid is a square grid, and you have the option to set the
grid dimensions.

Dimensions

Width (m) |100 Length (m) | 100

OK

Figure 2-5: Fast Configuration window
The Fast Config window allows users to define device placement strategies and conveniently
model large network scenarios especially in networks such as MANET, TDMA Radio
Networks, WSN, UWAN and IoT. The parameters associated with the Fast Config Window is

explained below:

(i) Grid Origin: The 'Grid Origin' refers to the intersection point of the system's axes. NetSim

supports any (X, Y) setting for the origin and not just (0, 0)

(i) Grid Dimension: The width parameter represents the maximum extent along X from the

origin and the height parameter represents the maximum extent along Y from the origin

(i) Device placement area: The "Device Placement Area" allows users to specify the width
and length of the area where devices are used when using the auto placement utility. This
area must be less than or equal to the "Grid Area".

2.2.1 Device Placement

2.2.1.1 Automatic Placement

A Uniform Placement: Devices are placed uniformly with equal gap between the devices in
area based on the side length. This requires users to specify the number of devices as
square numbers, such as 1, 4, 9, 16, etc.

A Random Placement: Devices are placed randomly in the grid environment within the area

based on side length.

© TETCOS LLP. All rights reserved Page 10 of 113



Ver 14.4

A File Based Placement: In order to place devices in user defined locations file-based
placement options can be used. The file has the following general format:
<DEVICE NAME>,<DEVICE TYPE>,<X COORDINATE>,<Y COORDINATE>

Where,

DEVICE NAME i The name assigned to the device.
DEVICE TYPE T The unique device identifier specific to each type of device in NetSim.
Following table provides the DEVICETYPEG s of al | possible devices fo

for Device Fast Configuration:

NETWORK DEVICE_TYPE

Wireless Node Omni Antenna
Wireless Node Sector Antenna
Wired Bridge Node

Wireless Bridge Node

Wired Node

Router

L2 Switch

Sensors

Sink node

loT Sensors

Gateway

Wired Node

loT Router

Access Point

L2 Switch

Table 2-1: Fast Configuration window supports different networks.

X COORDINATE i The X-coordinate value of the device.

MANET

WSN

10T

OROIEENCORDRE IV 1 [SIRCROIE SN CORIDN

Y COORDINATE i The Y-coordinate value of the device.
Eg: MANET File-Based Placement.txt

Wireless Node Omni Antenna, WirelessNode,100,150
Wireless Node Omni Antenna, WirelessNode, 150,100
Wireless Node Omni Antenna, WirelessNode, 100,100
Wireless Node Omni Antenna, WirelessNode,50,50

Open NetSim, and in the Main menu, select New Simulation > Mobile Ad Hoc Networks .
Select File Based Placement option under Automatic Placement and give the path of the

text file as shown below Figure 2-6.

© TETCOS LLP. All rights reserved Page 11 of 113



Figure 2-6: Device placement strategy to File based placement

Eﬂ Device Placement and Grid Settings

Grid Settings
The default grid is a square grid, and you have the option to set
the origin and the grid dimensions.

QOrigin Dimensions
X Min (m) [0 Width (m) |100
¥ Min (m) |0 Length (m) | 100

Device Placement Strategy
() Manually via Click and Drop
® Automatic Placement
) Uniform Placement
) Random Placement
(@) File Based Placement

Device Placement Area

The default grid is a square grid, and you have the option to set the
grid dimensions,

Dimensions

Width (m) [100 Length (m) 100

OK

Ver 14.4

After providing the path, clicking on OK will display the MANET network shown below, where

all devices are placed as per the positions given in the text file as shown in Figure 2-7.

. i

Wireless_Node_Omni

a2 Wirzless_Mode_Omni

_Ant3
B 5

Q

Wireless_Node_Omni
_Ant 5

Figure 2-7: Network Topology

_Antd

P |
| L
Wirsless_Omni_Ante Wireless_Node Omni
nna_1 !
|
|

Number of Devices: It is the total number of devices that is to be placed in the grid

environment. It should be a square number in case of uniform placement.

2.2.1.2 Manually Via Click and Drop

Selecting this option will load a link in the grid environment, where users can add devices by

clicking and dropping them as required.

© TETCOS LLP. All rights reserved
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2.3 Create Scenario

2.3.1 Wireless Node

A MANET consists of mobile platforms -- simply referred to as "wireless nodes" in NetSim --
which are free to move about arbitrarily. They are IP addressable devices. Wireless Nodes in
NetSim MANETSs library act as both end-nodes and routers. These nodes make routing

decisions using the IP fabric.
In NetSim MANETS, each node can have only one wireless interface.

2.3.2 Bridge Node

Bridge Node acts as a bridge/interface/gateway between multiple MANETSs. Packets from one
MANET can be routed to another MANET via a Bridge Node as shown Figure 2-8.

L7 Lkl

Sridge_Node
[Wireless)_1

Bridge Node

MANET1 MANET 2

Figure 2-8: Multiple MANETSs connected via a Bridge node
Each Bridge Node has 24 interfaces. When connecting bridge nodes to one another or to

routers, care should be taken to ensure that the static routes are set.

NetSim supports Wired and Wireless Bridge Nodes as shown Figure 2-9/Figure 2-10.

2 | | 'S 3
l 1
P2P Wired Link

Bridge_Node(Wired) Bridge_Node(Wired)

2 Py
- 3

Figure 2-9: Two wired bridge nodes can be connected to each other using P2P wired links

ardgeNode  P2P Wireless Link  grage_node

(Wireless)_2 [Wireless)_3

Figure 2-10: Two wireless bridge nodes can be connected to each other using P2P wireless links

A wired bridge node cannot be connected to a wireless bridge node and vice versa.
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2.3.3 Link

At a given point in time, depending on the nodes positions and their transmitter and receiver
coverage patterns, transmission power levels and interference levels, wireless connectivity in
the form of a random multi-hop graph or "ad hoc" network exists between the nodes. This ad
hoc topology may change with time as the nodes move or adjust their transmission and
reception parameters. Ad hoc links are used in NetSim to visually represent this connection of

devices on an ad hoc basis as shown in Figure 2-11.

Link_1

Figure 2-11: Mobile Ad hoc Network
Wireless links generally have significantly lower capacity than their hardwired counterparts. In
addition, the realized throughput of wireless communications after accounting for the effects
of multiple access, fading, noise, and interference conditions, etc. is often much less than a

radio's maximum transmission rate.

Connecting ad hoc links is a one step process, by default one ad hoc link will be present in the
grid. Users need to drop wireless nodes from the create scenario tab which gets automatically
connected to ad hoc link.

An ad hoc link is a multipoint-to-multipoint link. When connected to a device its interface is set
to 0 in NetSim.

2.4 Set Node, Link and Application Properties

Click on the appropriate node or link to open a right-side property panel. Then modify the

parameters according to the requirements.

A Global Properties: Certain properties are global in nature, i.e., changing properties in
one node will automatically reflect in the others in that network.

A In case of MANETS, in Wireless Nodes, Routing Protocol in Network Layer is global
and all user editable properties in Datalink Layer, Physical Layer and Power are Local.

A The following are the main properties of wireless node omni ant in Datalink and

Physical layers as shown Figure 2-12/Figure 2-13.
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Figure 2-12: Datalink layer properties window for wireless node omni ant

Figure 2-13: Physical layer properties window for wireless node omni ant.

© TETCOS LLP. All rights reserved

N
[N

'3
b

Wireless_Mode_Omni_Ant_1 Properties

AN O =%

= Metwork Layer

4 Interface_1 (Wireless)
= Network Layer
4 Datalink Layer

4 |EEEB0Z2.11

Rate Adaptation

Short Retry Limit

Det11 RTS Thresheld

Long Retry Limit

MAC Address

Medium Access Protocol

Bss Type

& Physical Layer

- ] X

FALSE -

3000

155000001001

DCF -

MESH

;E Wireless Mode Omni Ant_1 Properties

AR SHO,

4 Physical Layer

4 |EEES02.11

‘Connection Medium

Standard

Transmission Type

Transmitter_Power {mW)

CCA Mode

Frequency Band {GHz)

Bandwidth (MHz)

Standard Channel (MHzZ)

SIFS (s)

Slot Time (us)

CW Min

CW Max

Reference Distance dO (m)

Errar Model

E bl by
LI_. [—]4.,.

- O x
L
WIRELESS
IEEEGD2.11b
DS5S
100

EMERGY_DETECTION

24 -

20 A

12412 -

10

20

Eal

1023

1

SINR-BER by Tabl ¥ -

Ver 14.4

Page 15 of 113



Figure 2-14: Battery Model for Wireless node omni ant.
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A Configure an application between any two nodes by selecting any application from the

Set Traffic tab. Click on the application will open a right-side property panel and set

the properties according to the requirement.

Figure 2-15: Application icon and Configuration Window
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Note: For MANET networks the application start time should be a min of 5s, since the amount of time is

required for convergence of OLSR/ZRP.

2.5 Enable Packet Trace, Event Trace (Optional)

To enable packet trace and event trace click on the configure reports tab in the ribbon on the

top as shown below. For detailed help about the packet and event trace, please refer to

sections 8. 4 and 8.5 in the User Manual.

X Create Scenario
e ~| Network Performance
W
Bl

View Results Tabular Summary

Packet Trace

Event Trace

Traces

T2 Set Traffic [E} Configure Reports [@ Show/Hide Info
© 74 ) P

All Network Packets Do notlog

Dispatched to Emulator Do not log

- Reinjected from Emulator | Do not log

A Not Dispatched to Emulator Do not log

Emulator Logs

Plots

Figure 2-16: Enable Packet Trace, Event Trace & Plots options on top ribbon.

2.6 Enable protocol specific logs and plots

NetSim provides protocol-specific logs for MANET 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 Fie
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€ O AutoConnect (on ®)

choose the specific device, link application, etc. in the plots

» window, which becomes accessible after the simulation concludes.

b+ 0%

Figure 2-17: Enabling the Network logs in MANET

Similarly, users can enable the plots for Wi-Fi radio measurements and energy.
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For more details
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Table 2-2: Datalink layer, Network layer and Physical layer properties for Wireless Node Omni and
Sector Ants.

2.8 Run Simulation

A Click on Run Simulation icon on the top toolbar
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J& Create Scenario D5, Set Traffic [E} Configure Reports [ Show/Hide Info
E Save (_7'_.. Wireless Node Omni Ant g N\
q Close @ «€) Wireless Node Sector Ant éifo
L o)
File Run Simulation Node Node Wired/Wireless Links
Figure 2-19: Run Simulation option on top ribbon
A Set the Simulation Time and click on OK.
M NetsSim - Run Simulation - *

Simulation Time

Enter desired simulation time. Valid range is 0.0001 to 100,000 seconds.

Simulation Time {s) | 1p

Seed Value

Enter seed value between 1 to 99,999,998, The seed values are used to generate random
numbers in simulation.

Seed 1 | 12345678 Seed 2 | 23456789

Run Cancel

Figure 2-20: Run Simulation window

Note on MANET implementation in NetSim:

A If auser wants to implement an HTTP application among nodes, TCP must be enabled
in source node as TCP is set to disable by default.

A OLSR is a proactive link-state routing protocol. It uses Hello and topology control (TC)
messages to discover and then disseminate link state information throughout the
mobile ad hoc network.

A Individual nodes use this topology information to compute next hop destinations for all
nodes in the network using shortest hop forwarding paths. For topology control (TC)
messages to disseminate throughout, it requires 5 or more seconds depending upon
the network size. In general, it is (5.5 secs + Tx Time * network size).

A Hence, when simulating OLSR in MANET the Application Start Time must be greater
than 5s (preferably greater than 10s) because in OLSR Topology Control (TC)
messages start at 5s. Once the TC messages are sent, some further time will be
required for OLSRtof i nd t he rout e. This can Thbmedone

parameter in Application properties.
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3 Model Features

3.1 Ad hoc On Demand Distance Vector Routing

The Ad Hoc On-Demand Distance Vector (AODV) algorithm enables dynamic, self-starting,
multi-hop routing between participating mobile nodes wishing to establish and maintain an ad
hoc network. AODV allows mobile nodes to respond to link breakages and changes in network
topology in a timely manner. When links break, AODV causes the affected set of nodes to be
notified so that they can invalidate the routes using the lost link. AODV in NetSim can run in
layer 3 over MAC/PHY protocols such as 802.11, 802.15.4, TDMA and DTDMA.

The features of AODV implemented in NetSim are:

Broadcast Route Discovery Mechanism, and Route Maintenance : AODV accomplishes
this with the help of RREQ and RREP. The packet trace file in NetSim helps to view and
understand how AODV accomplishes this mechanism using RREQ and RREP packets.

Timer - based states: Routing table states expire when the route remains inactive for a certain
period of time. This is established by the use of the lifetime field in the routing table and RREP
packets. The lifetime field can be observed in Wireshark under the AODV RREP packets.

Sequence numbers: The source sequence number is a monotonically increasing number
maintained by each source node. It is used by other nodes to determine whether the
information contained in the packet sent by the source node is new. The destination sequence
number is created by destination and includes it with the routing information sent to the
requesting nodes. Usage of destination sequence number ensures loop freedom. The route
with the greatest sequence number is used by requesting nodes to reach their destination.
This also prevents routing loops and avoids using inactive or old routes. The source and
destination sequence numbers can be viewed in Wireshark under the RREQ and RREP
packets in AODV protocols. Some important fields of the RREQ format that can be viewed in

NetSim using Wireshark are mentioned below Table 3-1.
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The number of hops from the Originator IP Address to the
Hop Count

node handling the request.
Destination IP Address The IP address of the destination for which a route is desired.

The latest sequence number received in the past by the originator
for any route towards the destination.

Originator IP Address The IP address of the node which originated the Route Request.
Originator Sequence Number | The current sequence number to be used in the route entry
pointing toward the originator node.

Table 3-1: Important fields of the RREQ format viewed in NetSim using Wireshark

Destination Sequence Number

Some important fields of the RREP format that can be viewed in NetSim using Wireshark are

mentioned below Table 3-2.

The number of hops from the Originator IP Address to the

Hop count Destination IP Address.

Destination IP Address The IP address of the destination for which a route is supplied.
Destination Sequence Number | The destination sequence number associated to the route
Originator IP Address The IP address of the node which sends the RREQ.

The time in milliseconds for which nodes receiving the RREP
consider the route to be valid.

Table 3-2: Important fields of the RREP format viewed in NetSim using Wireshark

3.2 Dynamic Source Routing (DSR)

Lifetime

The Dynamic Source Routing (DSR) protocol is a simple and efficient routing protocol
designed specifically for multi-hop wireless ad hoc networks of mobile nodes. Using DSR, the
network is completely self-organizing and self-configuring, requiring no existing network

infrastructure or administration.

Network nodes cooperate to forward packets for each other, enabling communication over
multiple "hops" between nodes that are not directly within wireless transmission range of one
another. As nodes move, join, or leave the network, and as wireless transmission conditions
(e.g., interference sources) change, all routing is automatically determined and maintained by
the DSR protocol.

Since the number or sequence of intermediate hops needed to reach any destination may

change at any time, the resulting network topology can be dynamic and rapidly evolving.

In NetSim, DSR operates at Layer 3 over MAC/PHY protocols such as 802.11, 802.15.4,
TDMA, and DTDM

3.2.1 Using Link -Layer Acknowledgements

If the MAC protocol in use provides feedback as to the successful delivery of a data packet
(such as is provided for unicast packets by the link-layer acknowledgement frame defined by
IEEE 802.11), then the use of the DSR Acknowledgement Request and Acknowledgement
options is not necessary. If such link-layer feedback is available, it should be used instead of
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any other acknowledgement mechanism for Route Maintenance, and the node should not use
either passive acknowledgements or network-layer acknowledgements for Route

Maintenance.

When using link-layer acknowledgements for Route Maintenance, the retransmission timing
and the timing at which retransmission attempts are scheduled are generally controlled by the
particular link layer implementation in use in the network. For example, in IEEE 802.11, the
link-layer acknowledgement is returned after a unicast packet as a part of the basic access
method of the IEEE 802.11 Distributed Coordination Function (DCF) MAC protocol; the time
at which the acknowledgement is expected to arrive and the time at which the next
retransmission attempt (if necessary) will occur are controlled by the MAC protocol

implementation.
3.2.2 Using Network -Layer Acknowledgements

When a node originates or forwards a packet and has no other mechanism of
acknowledgement available to determine reachability of the next-hop node in the source route
for Route Maintenance, that node should request a network-layer acknowledgement from that
next-hop node. To do so, the node inserts an Acknowledgement Request option in the DSR
Options Header in the packet. The Identification field in that Acknowledgement Request option
must be set to a unique value over all packets recently transmitted by this node to the same
next-hop node.

When using network-layer acknowledgements for Route Maintenance, a node should use an
adaptive algorithm in determining the retransmission timeout for each transmission attempt of
an acknowledgement request. For example, a node should maintain a separate round-trip
time (RTT) estimate for each node to which it has recently attempted to transmit packets, and
it should use this RTT estimate in setting the timeout for each retransmission attempt for Route

Maintenance.

While simulating certain network configurations, users may see that packets received are more

than packets sent. This is because:

A This is being measured as part of our UDP protocol metrics in layer 4 in the source and
in the destination.

A Let us say UDP protocol at source node A sends a datagram. At the MAC - WLAN
sends the frame and starts a retransmission timer.

A If no Ack is received within this timer period, it would initiate a re-transmission (consider
cases where the WLAN Ack has a collision or is errored).

A As the destination, the MAC (WLAN) layer would send up to UDP both the first packet

it received and the re-transmitted packet it received.
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A UDP protocol in the destination would count both the packets received.

Y App1_CER Properties - O *
AN O R
4 Application

Application Method UMICAST
Application Type CER
Application ID 1
Application Mame Appl1_CBR
Source Count 1
Source ID 1 -
Destination Count 1
Destination ID 2 -
Start Time (s)
End Time (s) 100000
Encryption MOME hd
Random Startup FALSE hd
Session Protocol MOME
Transpert Protoco UDP -
QoS EE -
Pricrity Low

Figure 3-1: Application Configuration window

3.2.3 Why do we see continuous RREQ and RREP packets in DSR?

When the Data packet is to be transmitted, in DSR, within the NETWORK OUT Event, the
DSR-packet-processing function is called. This initiates Route discovery, if no route to

destination exists. Once discovery is complete, DSR switches to Route maintenance mode.

Route Maintenance is the mechanism by which a source node S is able to detect, while using
a source route to some destination node D, if the network topology has changed such that it

can no longer use its route to D because a link along the route no longer works.

In Route Maintenance mode, DSR checks for ACKs for every data packet sent. If the ACK for
a data packet is not received within a specified time (as defined by the Maintenance Time Out)
then Route Error (RERR) gets triggered. This trigger leads to removal of Route entries from

the Route Cache thereby causing Route discovery to be initiated again.
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A typical simulation scenario where Route discovery, Router error, Router Error cycle is
repeated, is when the network has multiple applications generating data packets at the exact
same time. This can cause packet collisions in the MAC layer. Since no packet is received no
ACK is sent. The non-receipt of ACK within the specified time causes RERR to get triggered.

3.3 AODV/DSR Metrics

AODV or DSR Metrics table will be part of the results dashboard if routing protocol in the

network layer is set to either AODV or DSR in at least one device in the simulated network

scenario.
Parameter Description
Device Id It is the unique ID of the wireless node
RREQ sent It_|s the number of Route Request packets sent by wireless node during Route
Discovery process
It is the number of R R kets forwar wirel n rin
RREQ forwarded tis the ' umber of Route Request packets forwarded by wireless node during
Route Discovery process
It is the number of Route Reply packets sent by wireless node when route is
RREP sent . .
found during Route Discovery process
RREP forwarded It is the number (_)f Route Reply packets forwarded by a wireless node when
route is found during Route Discovery process
RERR sent It is the total number of Route Error packets sent by a wireless node during

Route Maintenance

Itis the total number of Route Error packets forwarded by a wireless node during
Route Maintenance

Packet originated It is the total number of packets originated in a source node

It is the total number of packets transmitted by a source node and intermediate
device (LoOWPAN Gateway or sink node)

Packet dropped It is the total number of packets dropped by a wireless node

Table 3-3: Parameter Description for AODV/DSR Metrics table

3.4 Zone Routing Protocol (ZRP)

RERR forwarded

Packet transmitted

The ZRP is based on two procedures:

1. Intrazone Routing Protocol (IARP) and
2. Interzone Routing Protocol (IERP).

Through the use of the IARP, each node learns the identity of and the (minimal) distance to all
the nodes in its routing zone. The actual IARP is not specified and can include any number of
protocols, such as the derivatives of Distance Vector Protocol (e.g., Ad Hoc On-Demand
Distance Vector, Shortest Path First (e.g., OSPF). In fact, different portions of an ad hoc
network may choose to operate based on different choices of the IARP protocol. Whatever the
choice of IARP is, the protocol needs to be modified to ensure that the scope of this operation

is restricted to the zone of the node in question.
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Note that as each node needs to learn the distances to the nodes within its zone only, the
nodes are updated about topological changes only within their routing zone. Consequently, in
spite of the fact that a network can be quite large, the updates are only locally propagated.

IERP

While IARP finds routes within a zone, IERP is responsible for finding routes between nodes
located at distances larger than the zone radius. IERP relies on border casting. Border casting
is possible as any node knows the identity and the distance to all the nodes in its routing zone

by the virtue of the IARP protocol.

The IERP operates as follows: The source node first checks whether the destination is within
its routing zone. (Again, this is possible as every node knows the content of its zone). If so,
the path to the destination is known and no further route discovery processing is required. If,
on the other hand, the destination is not within the source's routing zone, the source border
casts a route request (referred to here as a "request") to all its peripheral nodes. Now, in turn,
all the peripheral nodes execute the same algorithm: check whether the destination is within
their zone. If so, a route reply (referred to here as a "reply") is sent back to the source indicating
the route to the destination. If not, the peripheral node forwards the query to its peripheral
nodes, which, in turn, execute the same procedure. An example of this Route Discovery

procedure is demonstrated in the figure below Figure 3-2.

+---+
+-- -+ | F |
e e I S e +---+ +---+
D] s [ E || H |
+---+ | e +---+ +---+
] B | |
| A | e +---+ +---+
FENEY
+---+ +---+
|
+---+
+---+ | ] |
| C |————+———+————+———+ +---+
[ K |-l L |
+---+ +---+

Figure 3-2: Interzone Routing Protocol Discovery procedure
Node A has a datagram to node L. Assume routing zone radius of 2. Since L is not in A's
routing zone (which includes B, C, D, E, F, G), A border cast a routing request to its peripheral
nodes: D, F, E, and G. Each one of these peripheral nodes check whether L exists in their
routing zones. Since L is not found in any routing zones of these nodes, the nodes border cast

the request to their peripheral nodes. In particular, G border casts to K, which realizes that L
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is in its routing zone and returns the requested route (L-K-G-A) to the query source, namely
A.

IARP

In Zone Routing, the Intra zone Routing Protocol (IARP) proactively maintains routes to
destinations within a local neighborhood, which we refer to as a routing zone. More precisely,
a node's routing zone is defined as a collection of hodes whose minimum distance in hops
from the node in question is no greater than a parameter referred to as the zone radius. Note
that each node maintains its own routing zone. An important consequence is that the routing

zones of neighboring nodes overlap.

An example of a routing zone (for node A) of radius 2 is shown below Figure 3-3.

e e T +
| |
| e E— o
-+ | 4+---+ -l c |--/ +--—+ +--—+ |
6 [-==] D |-/ +-—s ||
$-—s | 4--- | e +--—+ |
| e I E— ]
| A/ e |
| |
T i E PR +

Figure 3-3: Intra zone Routing Protocol Discovery procedure
In this example, nodes B through F are within the routing zone of node A, while node G is
outside node A's routing zone. Node E can be reached via two paths from A: one with a length
of 2 hops and the other with a length of 3 hops. Since the minimum hop count is less than or

equal to 2, E is included in A's routing zone.

Peripheral Nodes are nodes whose minimum distance to a given node is exactly equal to the
zone radius. Thus, in the example above, nodes D, F, and E are the peripheral nodes of node
A.

To construct a routing zone, a node must first identify its neighbors. A neighbor is a node with
which direct (point-to-point) communication can be established and is, therefore, one hop
away. Neighbor identification can be provided by MAC protocols, such as in polling-based

protocols, or by a separate Neighbor Discovery Protocol (NDP).

Neighbor discovery typically involves the periodic broadcasting of "HELLO" beacons. The
reception (or quality of reception) of these beacons is used to determine the status of the

connection to the beaconing neighbor.
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This neighbor discovery information forms the basis of the Intra zone Routing Protocol (IARP).
IARP can be derived from globally proactive link-state routing protocols that offer a complete

view of network connectivity.
3.5 Optimized Link State Routing Protocol  (OLSR)

OLSR is developed for mobile ad hoc networks. It operates as a table driven, proactive
protocol, i.e., exchanges topology information with other nodes of the network regularly. Each
node selects a set of its neighbor nodes as "multipoint relays" (MPR). In OLSR, only nodes,
selected as such MPRs, are responsible for forwarding control traffic, intended for diffusion
into the entire network. MPRs provide an efficient mechanism for flooding control traffic by

reducing the number of transmissions required.

Nodes selected as MPRs also have a special responsibility for declaring link state information
in the network. Indeed, the only requirement for OLSR to provide shortest path routes to all
destinations is that MPR nodes declare link-state information for their MPR selectors.

Additional available link-state information may be utilized, e.qg., for redundancy.

Nodes which have been selected as multipoint relays by some neighbor node(s) announce
this information periodically in their control messages. This allows a node to announce the
network that it has reachability to the nodes which have selected it as an MPR. In route
calculation, MPRs are used to form the route from a given node to any destination in the
network. Furthermore, the protocol uses the MPRs to facilitate efficient flooding of control

messages in the network.

3.5.1 Neighbo r detection

Neighbor detection populates the neighborhood information base and concerns itself with
nodes and node main addresses. The mechanism for neighbor detection is the periodic

exchange of HELLO messages.

A node maintains a set of neighbor tuples based on the link tuples. This information is updated
according to changes in the Link Set. The Link Set keeps the information about the links, while
the Neighbor Set keeps the information about the neighbors. There is a clear association
between those two sets, since a node is a neighbor of another node if and only if there is at

least one link between the two nodes.

The "Originator Address" of a HELLO message is the main address of the node that emitted
the message. Upon receiving a HELLO message, a node should first update its Link Set and

then update its Neighbor Set.
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3.5.2 Topology discovery

The link-sensing and neighbor-detection parts of the protocol provide each node with a list of
neighbors it can directly communicate with. Combined with the Packet Format and Forwarding
part, this enables an optimized flooding mechanism through MPRs. Using this, topology

information is disseminated throughout the network.
3.5.3 TC message

In order to build the topology information base, each node, which has been selected as MPR,
broadcasts Topology Control (TC) messages. TC messages are flooded to all nodes in the
network and take advantage of MPRs. MPRs enable a better scalability in the distribution of
topology information.

The list of addresses can be patrtial in each TC message (e.g., due to message size limitations,
imposed by the network), but parsing of all TC messages describing the advertised link set of
a node MUST be complete within a certain refreshing period (TC INTERVAL). The information
diffused in the network by these TC messages will help each node calculate its routing table.

When the advertised link set of a node becomes empty, this node SHOULD still send (empty)
TC-messages during the duration equal to the "validity time" (typically, this will be equal to
TOP HOLD TIME) of its previously emitted TC-messages, in order to invalidate the previous
TC-messages. It SHOULD then stop sending TC-messages until some node is inserted in its

advertised link set.

A node MAY transmit additional TC-messages to increase its reactiveness to link failures.
When a change to the MPR selector set is detected and this change can be attributed to a link
failure, a TC-message SHOULD be transmitted after an interval shorter than TC INTERVAL.

3.6 Energy model in MANETS

A Mobile Ad-hoc Network (MANET) consists of self-organizing wireless mobile nodes
deployed without a centralized infrastructure. Nodes communicate with each other using a
limited battery supply. NetSim supports DSR, AODV, ZRP, and OLSR as the network layer
protocols, considering transmission power and residual battery power. This work aims to
increase the network lifetime while reducing energy consumption and minimizing end-to-end

delay.

Energy is a very important part in ad-hoc networks because all nodes in this network
communicate with each other, consuming power in the process. The primary source of power
is the battery of the mobile node. A node consumes energy in various modes, including

sending/transmitting mode, receiving mode, and idle mode.
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Transmitting mode : In this 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.

Receiving mode: In the Rx mode, In this mode, the node actively listens for incoming data,

consuming energy as it receives data from the sender.

Idle mode: In idle mode, a node neither transmits or receives data packets. However, it still
needs to listen to the wireless medium for potential packet reception and check for the addition
of any new nodes to the network. As a result, the energy consumed in idle mode is less than
that consumed in transmitting or receiving mode, since no actual communication occurs during
idle mode.

In NetSim, default energy model settings are as follows [2]:

Transmitting current (mA): 316.7

1

1 Receiving current (mA): 261.1
1 Idle mode current (mA): 227
1

Voltage (V): 3.6

The power model is disabled by default, it can be enabled in physical layer of wireless node
Omni Ant.

Click on wireless nodes properties and then will open a right side property panel to Interface
1(Wireless) > Physical layer.

E Wireless Node Omni Ant_1 Properties — O >

—

“ARD B8

Reference Distance dO{m) 1
Error Model SINR-BER by Tab

> Antenna

4 Power
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Figure 3-4: Power Model in MANET.
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3.7 Mobility models in Net Sim

The change in position of a user over time can be configured using mobility models. Such
models are frequently used in simulation to evaluate the performance of mobile wireless

systems. The mobility models available in NetSim are:
3.7.1 Random Walk Mobility M odel

This is a simple mobility model based on random directions and speeds. In this mobility model,
a mobile node moves from its current location to a new location by randomly choosing a
direction. The speed can be set in the GUI. The calculation interval determines how often a
new choice is made. For e.g., a 1s calculation interval means that a new position is chosen

every 1s.
3.7.2 Random Waypoint Mobility M odel

This model includes pause time between changes in direction and/or speed. A mobile node
begins by staying in one location for a certain period of time (i.e., a pause time). Once this time
expires, the mobile node chooses a random destination in the simulation area. The mobile
node then travels toward the newly chosen destination at the selected speed. Upon arrival,
the mobile node pauses for a specified PauseTime before starting the process again. Note
that the movement calculation is done every Calculation Interval. Therefore, it is recommended

to set the PauseTime as an integral multiple of Calculation Interval.
3.7.3 Group Mobility M odel

This model describes the behavior of mobile nodes as they move together i.e. the devices

having common group id will move together.
3.7.4 Pedestrian Mobility Model
This model is applicable to each node (local parameter), and the configuration parameters are:

A Pedestrian Max Speed (m/s) (Range: 0.0 to 10.0. Default: 3.0)
A Pedestrian Min Speed (m/s) (Range: 0.0 to 10.0. Default: 1.0)
A Pedestrian stop probability (Range: 0 to 1)

A Pedestrian stop duration (s). (Range: 1 to 10000)

In this model it is assumed that the pedestrian stops at traffic lights. The stop probability
represents the probability of encountering a traffic light. This is checked for every calculation
interval. Once stopped, the pedestrian waits for a duration equal to stop duration for the light
to turn green. A new direction is chosen randomly after every stop with —(angle between new

direction and current direction) taking values of 0, 90, 180, 270. These —values represent the
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pedestrians continuing in the same direction, taking a left, taking a U turn and taking a right
respectively.

A new speed is chosen randomly after event stop. 0 "QE N QQWYN QQQ o R QQQ
The maximum number of stops and starts is 10.
3.7.5 File Based Mobility M odel

In the File Based Mobility model, users can write their own custom mobility models and define
the movement of the mobile users. The content should be per the NetSim Mobility File
Format explained below. Users can also generate the mobility files using external tools like
SUMO (Simulation of Urban Mobility), VanetMobiSim etc.

The NetSim Mobility File setting and format is explained below:

Step 1: Right click to open Properties as a new window of Wireless Node (MANET) or UE
(LTE Networks). Then properties > Position Properties > Mobility model as File Based Mobility
and click on Open Mobility file.

Step 2: Inside the csv file and write the node mobility in format shown below.

<TIME IN SECONDS>,<DEVICE ID>X,Y,Z

x| » mobility.csv L ¥ & - O X
File Home Insert Page Layout Formulas Data Review View Help |E|
@ El"j ﬁ g % [EH Conditional Formatting ~ E
Undo  Cliphoard Font  Alignment = Mumber [ Format as Table Ce=

V N ~ V N [E7 Cell Styles ~ 1
Styles e

K34 v i fx v

A A B C D E F G o

1 |#Time(s) DevicelD X Y z

2 0 1 200 200 0

3 1 1 400 400 0

4 2 1 600 600 0

5 3 1 800 800 0

6 4 1 1000 1000 0

7 5 1 1200 1200 0

8 6 1 1400 1400 0

9 7 1 1600 1600 0

10 8 1 1800 1800 0

11 9 1 2000 2000 0

12 10 1 2200 2200 0

13

14

e v

mobility ()] ! 4GS P
Ready %% Accessibility: Unavailable B H ———+ 115

Figure 3-5: Mobility.csv file with inputs added via MS Excel

When using spreadsheet software commas (,) are included automatically between the entries

in each column.
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When using text editors such as notepad, users will have to manually include comma (,)

between each entry.

B mobility.csv - Notepad = a x

| File  Edit  View 3

#Time(s),Device ID.XY,Z
0,1,200,200,0
1,1,400,400,0
2,1,600,600,0
3,1,800,800,0
4,1,1000,1000,0
5,1,1200,1200,0
6,1,1400,1400,0

' 7,1,1600,1600,0

| 8,1,1800,1800,0
9,1,2000,2000,0
10,1,2200,2200,0

Ln 1, Col1 160% Windows (CRLF) UTF-8 with BOM
Figure 3-6: Mobility.csv file with comma separated inputs added via text editor (notepad)

1 To write comments, use # tag
1 Specify the new location of the specific device at the specific time

For experiments with the older input format in mobility.txt file as shown below, will continue to

be supported, in the absence of mobility.csv file.

$time <Time in seconds> "$node_(<NodelD - 1>) <X Coordinate> <Y Coordinate> <Z

Coordinate>"
Example: $time 1 "$node_(0) 400 400 0"

A sample file-based mobility example is present at <NetSim Installed Directory> \Docs\
Sample Configuration\ MANET.

It can have the coordinates of one node over time, followed by the coordinates of the next
node over time and so on. However, for a given device, the entries in the file need to be in

increasing order of time.

NetSim does not interpolate device mobility between two entries in the mobility file. This means
that during the simulation the devi ceMdbijitwisnps o t o

not fAcontinuouso from one point to another over
3.8 Omni and sector (directional) antennas

NetSim MANET supports Omni and sector antennas. These antenna patterns are defined by
gain values that vary as a function of directi

antenna provides a gain value with respect to every other point in space. The same is true of
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a receiverds antenna. For a given transmissi

with respect to each other, are considered.

Omni directional antennas have an isotropic pattern i.e., the gain in all directions is 0 dB. This

makes them well-suited for scenarios where uniform coverage is required in all directions.

Sector antennas are modeled per the standard 2D parabolic antenna. The key characteristic
of a sector antenna is its horizontal radiation pattern, which is designed to focus the signal in
a specific direction. This directional pattern allows for targeted coverage, making sector
antennas ideal for applications that require directed communication over a particular sector of

space. The horizontal radiation pattern of a sector antenna is given by

O ° a Qép ¢ o

where,

1 0O isthe front to back ratio (i.e., the ratio of power gained between the front and rear of a
directional antenna). This is a user input with a default setting is 30 dB.

1 -« is the angle formed between the direction of interest (i.e., the line connecting the
transmitter and the receiver) and the antenna's boresight direction (azimuth angle).

T - is the 3 dB, or half power, beam width of the antenna.
The sector antenna gain is given by the expression.

0 +h— "Of AGQe O f O —M
where,

1 0 y —iscurrently 0 dB, and is a parameter reserved for future use to include the vertical
radiation pattern of the antenna, and
1 "Op isthe maximum directional gain of the radiation element (in dB) i.e., the gain along

the antenna boresight; this parameter is a user input, and the default value is 8 dBi.

The boresight angle denotes the azimuthal direction of maximum gain, or the highest radiated

power, and is a user input. This can vary from 0 to 360 degrees.

Angle in NetSim is defined to start at O from the positive X-axis. In the network scenario, if
positive Y points downward, the angle increases on clockwise rotation from the positive X-
axis. If positive Y points upward, the angle increases in an anti-clockwise direction from the

positive X-axis. The unit for angle is degrees.

The gain computations for a transmitter-receiver pair are given below.
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Figure 3-7: The illustration shows a transmitter at ¢ fty and a receiver at & R 8The green lines
represent the boresight azimuth direction of each antenna. The blue line is the line joining the
transmitter and the receiver. %o (and %o ) are the angles formed between the line connecting the
transmitter and the receiver and the transmit antennas (and receive antennas respectively) boresight
direction.

Let the transmitter be a & hd and the receiver at & hd. Let %o and %o be the
boresight azimuth angles of the transmitter and the receiver configured by the user through

the GUI.
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Enabling the radio measurements log allows for the visualization of transmit and receive

antenna gains for each transmission.
3.8.1 Limitations

1 The vertical radiation pattern is not currently supported. Hence the horizontal radiation

pattern is assumed to be valid for all values of the coordinate @.
3.9 How are p acket collision s modelled in NetSim ?

Packet Collision is a theoretical concept. In the real world, a packet is not a "physical" entity
that can collide. Therefore, a "collision" is the interference of two radio waves (of the packets

being sent).
In NetSim the collision model is as follows:

A At the transmitter, when a packet is being transmitted, if the sum of received power
from all other nodes is greater than the receiver sensitivity then that packet is marked
as collided.

A Atthe receiver, when a packet is being received, if the sum of the received power from
all other nodes, except the node from where this packet is being transmitted, is greater
than the receiver sensitivity then that packet is marked as collided.

A There is also a special case where a single packet can be marked as collided as
explained in Figure 3-8.

Packet sent by T1
e Marked as received

-

./;’ successfully by R1

R2 Packet sent by T2
Marked as Collision at

,/’.
e R2 due to interference
= from T1 transmission
”

T2

Figure 3-8: Packet collisions modelled.
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Where,

 T1 and T2 are transmitters.

T R1and R2 are receivers.
3.10 How is packet error decided in NetSim

The way the packet error is decided is given as follows:

A Compute Rx power at the receiver based on Tx Power, fewer losses due to
Propagation. Propagation models cover HATA Urban, Sub Urban, COST 231 HATA,
Indoor Home / Office, Factory, Lognormal, Friis Free space. Apart from path loss,
fading and shadowing can also be modeled.

A Rx Power / (Background Noise + Interference noise) = SINR. Here Interference noise
is due to other transmissions within the network.

A Based on the SINR, BER is got from the respective modulation curve/table.

Based on the BER, the packet error rate is decided

S

A NetSim does not perform bitwise simulation since it would be too computationally

intensive.

3.11 Broadcast in MANETS

In MANET, only neighbor (nodes within transmission range) broadcast is supported; multi-hop
broadcast is not supported. This means that nodes that are 2-hops or more away will not
receive the broadcast packets. The reason for not implementing a multi-hop broadcast is

explained below.

The simplest form of broadcast in an ad hoc network is where a node transmits a broadcast
packet, which is received by all neighboring nodes that are within transmission range. Upon
receiving a broadcast packet, each node determines if it has transmitted the packet before. If
not, then the packet is retransmitted. This process allows for a broadcast packet to be
disseminated throughout the ad hoc network. The process terminates when all nodes have

received and transmitted the packet being broadcast at least once.

This method of broadcasting is required given the dynamic nature of ad hoc networks, i.e.,
nodes move around, and neighbors may change as the broadcast is happening. Now, since
all nodes participate in the broadcast, it causes flooding and hence suffers from the Broadcast

Storm Problem. Flooding is extremely costly and leaves the network completely congested.

Special algorithms are required to alleviate the broadcast storm problem, and custom

development is necessary to implement them.
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3.12 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

INJ File  Options  Help | Network Mobile_Adhoc_Networks | Workspace: NETSIM_WORKSPACE

K Create Scenario T2 Set Traffic [El: Configure Reports| 45 Show/Hide Info

. o o Netwark Performance [ Packet Trace  All Network Packets Do not log v | Reinjected from Emulator | Do not log —
Bl 2| &
[ (] Event Trace Dispatched to Emulater Do not log - Not Dispatched to Emulator | Do not log - Ul =
View Results Tabular Summary Traces Emulator Logs Plats Mability Viewer
N
a
0 50 100 150 200 250 300 350 400 450 500 E c 2
o | | L L L | ! L L 2
=| | &
1
Eis‘,‘-f Teeell] 4 Buffer Occupancy -
w00 tink d, |~ £
. RNE “t- T Buffer Size vs Time ¥
b
4 Network Logs
A - ~L Sl al
200 A 1 . U . Select All 5
S T~ /,’/Tppuaﬂ )
5 L o Wireless_Nooe_Omni | IEEE 802.11 Radio Measurements Log
3 T T .
5 T <1 S IEEE 802.11 Backoff Log i
1 »2 .. 2
S IEEE 802.11 Log E
Wireless_Mode_Omni e N
il Wireless_Node_Omni et Mobility Log
=
00 o Al g g
Wireless_Node_Omni Energy Log
Ancd .
Plot generation is a two-step process. Initially, select the
parameter(s) you wish to plot from the list above.
500 ! ly, chonse the specic device, lnk 3
¥ application, etc, in the plots window, which becomes = @
P » accessible after the simulation concludes.

Figure 3-9: Enabling the IEEE 802.11 Radio Measurements log

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

Transmitter Antenna Gain in dB

Receiver Antenna Gain in dB

= =4 4 -4 -4 A8 A -4 -5 -2 -8 -2 -2 -3 -2

Received Power in dBm
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Interference in dBm

SNR in dB

SINR in dB

BER

NSS (Number of Spatial Streams

T MCS Index

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

=A =4 =4 =4 =4

below.
[ simulation Results - *
X -
View Network Export Results

= Application Metrics PP L APPARGUOI 13 SUBILE (L LTS aU I SUgHPUL W CCIay Ap3) | SIE) (H) F GUACES LI GG L VLT Gy G YCINC A Rt ey

- 1 App1_CBR 1 3 0.584000 1692492240 292.866346 250 250 365000 365000
~ Link Metrics
] Prots
- Link Metrics
&M Logs Performance of both wired and wireless network connections.
4 Traces . Packets Transmitted Packets Errored Packets Collided .
Link ID Bytes Transmitt Payload Transm Overhead Trans
= Data Control Data Control Data Control
|~ Packet Capture
]
All 250 303 L] 0 0 0 388870 365000 23870
H Saved Plots 1 250 303 0 0 [} ] 388870 365000 23870
[ Additional Metrics
" Plot User Options Plots
Click on the desired plot. Then in the plots module, choose the desired application, link, device, et to visualize.

No Data Available.
Opens Plots Module

Logs

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

| IEEE_802_11_Radic_Measurements... |

Opens in M5 Fxcel

Figure 3-10: Opening IEEE 802.11 Radio Measurements log from simulation results window

@ Auvtosave (@ o) v (¥ % IEEE_B02_11 Radio Measurements lo.. v O search Nidhi mariswamy o Q - a X
file Home Insert Pagelayout Formulas Data Review \View Help Table Design O Comments
B2 v i fv~ WIRELESS NODE_OMNI_ANT 1 v
A B C D E IF G H | J K &
1 Time(ms) | - TransmitterName |~ ReceiverName - Distance(m] - |PacketID - PacketType - Control PacketTy - Tx Power(dBm)| - Path Loss|dB) - ShadowingLoss(dB) - FadingLoss{ ]
2 | 5001.49401|WIRELESS_NODE_OMNI IWIRELESS_NODE_OMN 133.660016 0 Control_Packet AODV_RREQ 20 82.609645 -2.4974
3 |  5001.49401 WIRELESS_NODE_OMNI WIRELESS NODE_OMN  267,226496 0 Control_Packet  AQODV_RREQ 20 88.627205 -2,966963
4 5001.49401 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 248.89556 0 Control_Packet AODV_RREQ 20 88.009958 2523549
5 | 500246802 WIRELESS NODE_OMNI_WIRELESS NODE_OMN  133.660016 0 Control_Packet AODV_RREQ 20 82.609645 -2.800567
6 5002.46802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 166.171598 0 Control_Packet AODV_RREQ 20 84.500751 -6.377788
7 | 5002.46802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN  118.707978 0 Control_Packet  AODV_RREQ 20 81.652077 2.222685
8 5003.12913 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet AODV_RREP 20 88.627205 1.716147
9 5003.44314 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet WLAN_ACK 20 88.627205 -2.966963 4.5
10| 5004.43725 WIRELESS_NODE_OMNI_WIRELESS NODE_OMN  248.89556 0 Control_Packet  AODV_RREQ 20 88.009958 5.117102
1 5004.43725 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 119.707978 0 Control_Packet AODV_RREQ 20 81.652077 -1.736713
12| 5004.43725 WIRELESS_NODE_OMNI_WIRELESS NODE OMN  179.546651 0 Control_Packet  AODV_RREQ 20 85.173161 7.648891
13 5006.23136 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 1 CBR Appl_CBR 20 88.627205 -2.966963 -7.0
14 5006.54537 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet WLAN_ACK 20 88.627205 1.716147 286
15|  5021,77401 WIRELESS_NODE_OMNI_WIRELESS NODE_OMN  267,226496 2 CBR App1_CBR 20 88.627205 -2.966963 -10.8
16 5022.08802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet WLAN_ACK 20 88.627205 1.716147 -3.1
17|  5041.93401 WIRELESS_ NODE_OMNI_WIRELESS NODE OMN  267.226496 3 CBR App1_CBR 20 88.627205 -2.966963 36
18 5042.24802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet WLAN_ACK 20 88.627205 1.716147 -12.8
19|  5061.95401 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN  267.226496 4 CBR App1_CBR 20 88.627205 -2.966963 -4.1
20 5062.26802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet ~WLAN_ACK 20 88.627205 1.716147 -5.3
21 5081.65401 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 5 CBR Appl_CBR 20 88.627205 -2.966963 -0.€
22|  5081.96802 WIRELESS_NODE_OMNI_WIRELESS NODE_OMN  267.226496 0 Control_Packet WLAN_ACK 20 88.627205 1716147 198
23 5101.69401 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 6 CBR Appl_CBR 20 88.627205 -2.966963 6.8
24 5102.00802 WIRELESS_NODE_OMNI_WIRELESS_NODE_OMN 267.226496 0 Control_Packet WLAN_ACK 20 88.627205 1.716147 0.3
25|  5121.41401 WIRELESS NODE_OMNI_WIRELESS NODE OMN  267.226496 7 CBR Appl CBR 20 88.627205 -2.966963 0E
< > IEEE_802_11_Radic_Measurements_  pjyot Table(Custom) + | »
Ready % Accessibility: Unavailable B M -—a—+ 100%

Figure 3-11: IEEE 802.11 Radio Measurements log file
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NetSim also provides energy and Wi-Fi radio measurement plots for MANET. Enabling the

plots is explained in the section 2.6. Here is the plot showing the transmit energy vs. time for
an AODV scenario with five nodes.

m NetSim - Plots | Energy_log_Transmit_Energy_Running_Total_vs_Time

Select parameter to plot

Device Na... | N5

Time (ms) | 0

Add as new Series

Plot
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Figure 3-12: Plot of Transmit Energy vs Time for MANET

s B B E

Close  Exportlmage  ExportTable Save  Annotations
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)
)
)
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The Wi-Fi Radio measurement plots are shown in featured example in section 4.8.
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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.

4.1 AODV Routing

The Ad hoc On Demand Distance Vector Routing (AODV) protocol defines 3 message types:

A Route Requests (RREQs): RREQ messages are used to initiate the route-finding
process.

A Route Replies (RREPs): RREP messages are used to finalize the routes.

A Route Errors (RERRs): RERR messages are used to notify the network of a link

breakage in an active route.

The route discovery process involves ROUTE REQUEST (RREQ) and ROUTE REPLY
(RREP) packets. The source node initiates the route discovery process using RREQ packets.
The generated route request is forwarded to the neighbors of the source node and this process
is repeated till it reaches the destination. On receiving an RREQ packet, an intermediate node
with route to destination or the destination node generates an RREP containing the number of
hops required to reach the destination. All intermediate nodes that participate in relaying this

reply to the source node create a forward route to destination [3].

RERR message processing is initiated when Node detects a link break for the next hop of an

active route or receives a data packet destined for a node for which it has no (active) route.

Open NetSim and Select Example s->Mobile Ad hoc Networks ->MANET AODV then click
on the tile in the middle panel to load the example as shown in below screenshot Figure 4-1.
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[ NetSim Home - X
NetSim Standard
Netwark Simulation/Emulation Platform
Version 14115 (54 Bit)
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Figure 4-1: List of scenarios for the example of MANET AODV
The following network diagram illustrates, what the NetSim Ul displays when you open the
example configuration file see Figure 4-2

Figure 4-2: Network set up for studying the MANET AODV
4.1.1 Network Set tings

1. A network scenario is designed in NetSim GUI, consisting of 5 wireless nodes omni ants,
named N1, N2, N3, N4, and N5, and one link in the "Standard MANET" of the "Mobile Ad
hoc Network" library.

2. In the general properties of N3, Wireshark Capture is set to Online. To configure any
properties in the nodes, click on the node, expand the property panel on the right side, and

change the properties as mentioned in the steps.

3. In the position properties, set the mobility model as No-Mobility for all devices present in
the GUI.

4. The Medium Access Protocol is set to DCF in Interface 1(Wireless)-> Datalink layer of all

the devices.
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Click on link and expand property panel on the right, and set the Channel Characteristics
: Path loss only; Path loss model: Log Distance; Path loss exponent: 3.1.

The routing protocol in the network layer is set to AODV for all nodes. As this is a global
property, changing it on one node will affect all nodes.

Packet trace is enabled by clicking on the configure report tab, allowing us to track the

route that the packets have taken to reach the destination based on AODV.

Configure the CBR application between two nodes by clicking on the set traffic tab from
the ribbon at the top, selecting N1 as the source and N2 as the destination. Click on the
created application and set the transport protocol to UDP, keeping the other properties as

default.

Run simulation for 10 seconds.

Output: Open packet trace from simulation results window. The packet flow can be observed
by filtering Control Packet Type/App Name to AODV RREQ , AODV RREP and AODV RREP

(Hello) as shown below.

@l Auosave (@oit) [H 9D~ T Packet Tacecsv v £ Search Nidhi mariswamy @ % - a X
File  Home Insert Pagelayout Formulas Data Review View Help  Table Design © Comments
V] v i Jx 0 v
A B c D E F G H 1 a
1 PACKET_ID - SEGMENT ID ~ |PACKET TYPE ~ CONTROL PACKET TYPE/APP_NAME ¥ SOURCE ID| - DESTINATION ID ~ TRANSMITTER ID - RECEIVER ID - APP_LAYER ARRIVAL TIME(pS) ~ TRX_LAYI
2 D_‘NIA Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-1 NODE-4 N/A NiA
3 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-4 NODE-1 N/A N/A
4 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-4 NODE-3 N/A N/A
5 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-1 NODE-4 N/A N/A
6 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-4 NODE-1 N/A NIA
7 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-4 NODE-3 N/A NFA
8 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-3 NODE-4 N/A NIA
9 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-3 NODE-5 N/A NiA
10 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-5 NODE-2 /A N/A
1 0 N/A Control_Packet AODV_RREQ NODE-1 Broadcast-0 NODE-5 NODE-3 N/A NIA
12 0 N/A Control_Packet AODV_RREP NODE-2 NODE-1 NODE-2 NODE-5 N/A NIA
14 0 N/A Control_Packet AODV_RREP NODE-2 NODE-1 NODE-5 NODE-3 N/A NiA
16 0 N/A Control_Packet AODV_RREP NODE-2 NODE-1 NODE-3 NODE-4 N/A NiA
18 0 N/A Control_Packet AODV_RREP NODE-2 NODE-1 NODE-4 NODE-1 N/A N/A
203 0 N/A Control_Packet AODV_RREP(HELLO) NODE-2 Broadcast-0 NODE-2 NODE-5 N/A N/A
462 0 N/A Control_Packet AODV_RREP(HELLO} NODE-5 Broadcast-0 NODE-5 NODE-2 N/A NIA
463 0 N/A Control_Packet AODV_RREP(HELLO) NODE-5 Broadcast-0 NODE-5 NODE-3 N/A N/A
465 0 N/A Control_Packet AODV_RREP(HELLO) NODE-2 Broadcast-0 NODE-2 NODE-5 N/A NIA
466 0 N/A Control_Packet AODV_RREP(HELLO) NODE-3 Broadcast-0 NODE-3 NODE-4 N/A NIA
467 0 N/A Control_Packet AODV_RREP(HELLO) NODE-3 Broadcast-0 NODE-3 NODE-5 N/A NiA
470 0 N/A Gontrol_Packet AODV_RREP(HELLO) NODE-1 Broadcast-0 NODE-1 NODE-4 N/A N/A
744 0 N/A Control_Packet AODV_RREP(HELLO) NODE-5 Broadcast-0 NODE-5 NODE-2 N/A N/A
745 0 N/A Control_Packet AODV_RREP(HELLO} NODE-5 Broadcast-0 NODE-5 NODE-3 N/A NIA
746 0 N/A Control_Packet AODV_RREP(HELLO} NODE-2 Broadcast-0 NODE-2 NODE-5 N/A NiA .
Packet Trace  pjyot Table(Custom) + | L3

Figure 4-3: AODV different control packet in Packet trace
A Source Node 1 initiates route discovery process using RREQ packets. The generated
route request is broadcast to the neighbors of the source node i.e. Node 4.
A Node 4 broadcasts the RREQ packet to its neighboring nodes i.e., Node 3, Node 1
since Node 4 does not have a route to destination Node 2.
A Similarly, Node3 broadcasts the RREQ packet to Node 5 and Node 4.
A Node 5 broadcasts to Node 2 and Node 3.
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A On receiving a RREQ packet, the Destination Node 2 generates a RREP packet and
transmits to Node 5, Node 2 A Node 5, Node 5 A Node 3, Node 3 A Node 4, and
Node 4A Node 1.

A After receiving the RREP, the Source Node 1 starts sending Data packets to Node 2

(Node 1 A Node 4A Node 3 A Node 5 A Node 2). To observe the same, filter the

CONTROL PACKET TYPE/APP NAME to APP1_CBR and PACKET ID to 1 in packet

trace.

[x] AumSave‘(.Off)‘ . = Packet Trace.csv v £ Search Nidhi m:

File Home Insert Pagelayout Formulas Data Review View Help Table Design

A2 v i frv oo
A B C D E F G H
1 | PACKET_ID|-¥|SEGMENT_ID| - |PACKET_TYPE| - |CONTROL_PACKET_TYPE/APP_NAME|-¥ SOURCE_ID| - | DESTINATION_ID - [ TRANSMITTER_ID| - | RECEIVER_ID -
20 1 0 CBR Appl CBR NODE-1 NODE-2 NODE-1 NODE-4
24 1 0 CBR App1_CBR NODE-1 NODE-2 NODE-4 NODE-3
26 1 0 CBR Appl CBR NODE-1 NODE-2 NODE-3 NODE-5
30 1 0 CBR App1_CBR NODE-1 NODE-2 NODE-5 NODE-2

In Wireshark, filter AODV packets and select the RREQ packets and expand Ad hoc on-
demand distance vector protocol to view the above-mentioned fields of RREQ as shown Figure

4-4,

M *\\pipe\WIRELESS_NODE_3_1
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

AmZ® RRE Re==F IS EQ_QAAE
(WTapply a display fitter _<ctr
iNo. Time Source Destination Protocol  Length Info
1 0.000000 80:00:9d:03:00:00 (.. Communic_d5:00:00 (.. 802.11 20 PV1 Management

2 5.001254 192.168.0.2 255.255.255.255 AODV 92 Route Request, D: 192.168.0.3, 0: 192.168.0.2 Id=1 Hcnt=0 DSN=0 OSN=1

Frame 2: 92 bytes on wire (736 bits), 92 bytes captured (736 bits) on interface \\.\pipe\WIRELESS_NODE_3_1, id @
IEEE 802.11 QoS Data, Flags: ...... FT
Logical-Link Control
Internet Protocol Version 4, Src: 192.168.0.2, Dst: 255.255.255.255
User Datagram Protocol, Src Port: 654, Dst Port: 654
Vv Ad hoc On-demand Distance Vector Routing Protocol, Route Request, Dest IP: 192.168.0.3, Orig IP: 192.168.0.2
Type: Route Request (1)
Flags: @
Hop Count: @
RREQ Id: 1
Destination IP: 192.168.0.3
Destination Sequence Number: @
Originator IP: 192.168.0.2
Originator Sequence Number: 1

Figure 4-4: AODV RREQ control packet in Wireshark
Open Wireshark, filter AODV packets and select the RREP packets and expand Ad hoc on-
demand distance vector protocol to view the above-mentioned fields of RREP as shown Figure
4-5.
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M \\pipe\WIRELESS_NODE_3_1
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

Am 2@ RREBRe2=F RS |EQRaQaaQH

Source Destination Protocol  Length Info
192.168.0.2 88 Route Reply, D: 192 0: 192.168.0.2 Hcnt=2 DS

Frame 8: 88 bytes on wire (704 bits), 88 bytes captured (7@4 bits) on interface \\.\pipe\WIRELESS_NODE_3_1, id @
IEEE 8062.11 QoS Data, Flags: ...... FT
> Logical-Link Control
> Internet Protocol Version 4, Src: 192.168.0.3, Dst: 192.168.0.2
User Datagram Protocol, Src Port: 654, Dst Port: 654
Vv Ad hoc On-demand Distance Vector Routing Protocol, Route Reply, Dest IP: 192.168.0.3, Orig IP: 192.168.0.2, Lifetime=6000000
Type: Route Reply (2)
Flags: @
prefix Size: @
Hop Count: 2
Destination IP: 192.168.0.3
Destination Sequence Number: 1
Originator IP: 192.168.0.2
Lifetime: 6000000

Figure 4-5: AODV RREP control packet in Wireshark

4.2 ZRP-IARP

Open NetSim and select Example s->Mobile Ad hoc Networks ->ZRP IARP then click on the
tile in the middle panel to load the example as shown in below screenshot Figure 4-6.

NetSim Standard
Network Simulation/Emulation Platform
Version 14,39 (64 Bit)

2

NeTSM

NewSimulation Cti+N = <> o 4
Example Simulations ZRP IARP Scenario and Results
Intemetworks = This sample provides an understanding of the Intrazone Routing Protacol, where the TRP framework proactively

_ Advanced Routing maintains locsl routing information (routing zones) bazed on periodic exthanges of neighbor discovery
messages

4 Mobile Adhot Networks

Your Work Ctl+0

Experiments 4 Comparative Analysis of AODV and OLSR propeny
Impact of no mability on routing protocol performance
Impact of mobility on routing protocal performance Routing Protocok 289
Impact of varying velacity on routing protocel Channel ics: Pothl
Analytics 00V Path loss model Log distance
Path loss exponent: 3
ZRP IERP
MANET OLSR

Energy consumption in MANET
Multiple MANETs
application Throughput Variation with Nods Mabiliy

Range based pathioss model
Software Defined Netwarks
10T-WSN

Cognitive Radio Netwarks
ITE and LTE-A —
VANETS — I =
Satelite Communication

5G NR

Underwater Acoustic Network

License Settings

Exit Alt + F4

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

Leam Documentation Contact Us
Email - sales@tetcoscam

Answer/F e anual
c Experiments Manual < Phone - +01 767 605 4321

Website:

Figure 4-6: List of scenarios for the example of ZRP-IARP
The following network diagram illustrates what the NetSim Ul displays when you open the

example configuration file see Figure 4-7.
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Figure 4-7: Network set up for studying the ZRP-IARP

4.2.1 Network Set tings

1.

9.

Set grid length as 600m*300m from grid setting property panel on the right. This needs to
be done before any device is placed on the grid.

A network scenario is designed in NetSim GUI consisting of 5 wireless nodes and one ad-
hoclinkinthefi St a nd ar @madweNdBVIANET Network library.

To configure any properties in the nodes, click on the node, expand the property panel on
the right side, and change the properties as mentioned in the below steps.

In the position properties set mobility model as no mobility for all devices present in GUI.
The Medium access protocol was set to DCF in Interface 1(wireless)-> Datalink layer of alll
Wireless nodes.

The routing protocol in the network layer is set to ZRP for all nodes. As this is a global
property, changing it on one node will affect all nodes.

Click on link and expand property panel on the right and set the channel characteristics:
path loss only, path loss model: log distance, path loss exponent: 3 under medium
property.

Configure CBR application from set traffic tab in ribbon on the top between wireless node
1 to wireless node 2, click on the created application, expand the property panel on the
right and set transport protocol to UDP

Enable packet trace from configure reports tab in ribbon on the top.

10. Run simulation for 10 seconds.

4.2.2 Output

Open Packet trace from simulation results window and observe Control Packet Type/App

Name.
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D11 - I NDP_HELLO_MESSAGE <

A | B | T D E | F | G | H -

1 |PACKET_ID|~ |SEGMENT_ID| = | PACKET_TYPE|~ CONTROL_PACKEI'_TYPE,’APP_NAMEIZ‘ SOURCE_ID| ~ | DESTINATION_ID| ~ | TRANSMITTER_ID| ~ |RECEIVER_ID
2 | 0 N/A Control P: #| SortAteZ NODE-4 Broadcast-0 NODE-4 NODE-1
3 | 0/N/A Contral Pe 2| sonzton NODE-4 Broadcast-0 NODE-4 NODE-2
4] 0 N/A Control_Pz Sort by Color . NODE-4 Broadcast-0 NODE-4 NODE-3
5 | 0/N/A Control_Pz - MODE-4 Broadcast-0 NODE-4 MODE-5
6 | 0 N/A Control_P: MNODE-2 Broadcast-0 NODE-2 NODE-1
7| 0/N/A Control_Ps NODE-2 Broadcast-0 NODE-2 NODE-3
8 | 0 N/A Control_Pz Text Filters » |NODE-2 Broadcast-0 NODE-2 NODE-4
9 | 0/N/A Control_Pz Ew— 5 NODE-2 Broadcast-0 NODE-2 NODE-5
10 0 N/A Control_P: NODE-3 Broadcast-0 NODE-3 NODE-1
1 o|n/a Control_Pz E::J:d:BI:]} |INODE—3 Broadcast-0 NODE-2 NODE-2
12 0 N/A Control_Pz NDP_HELLD_MESSAGE NODE-3 Broadcast-0 NODE-3 NODE-4
13 | 0/N/A Control_P: OLSR_TC_MESSAGE NODE-3 Broadcast-0 NODE-3 NODE-5
14| 0 N/A Control_Pz [Pl WLAN_ACK NODE-1 Broadcast-0 NODE-1 NODE-2
15 | 0/N/A Control_Ps NODE-1 Broadcast-0 NODE-1 NODE-3
16 | 0 N/A Control_Pz NODE-1 Broadcast-0 NODE-1 NODE-4
17 | 0/N/A Control_Pz NODE-1 Broadcast-0 NODE-1 NODE-5
18 | 0 N/A Control_Ps NODE-5 Broadcast-0 NODE-5 NODE-1
19 | 0/N/A Control_Ps NODE-5 Broadcast-0 NODE-5 NODE-2
20 | 0 N/A Control_Pz Cancel | NODE-5 Broadcast-0 NODE-5 NODE-3
21 0/N/A Control_Pz _ _ :|NODE-3 Broadcast-0 NODE-5 NODE-4 I
22 0 N/A Control_Packet NDP_HELLO MESSAGE NODE-5 Broadcast-0 NODE-5 NODE-1 E.]
23 0/N/A Control_Packet NDP_HELLO_MESSAGE NODE-5 Broadcast-0 NODE-5 NODE-2 ] .

Figure 4-8: Packet Trace

Users can see only NDP Hello Message and OLSR TC MESSAGE since the destination node
is within the zone. The ZRP framework proactively maintains local routing information (routing

zones) based on periodic exchanges of neighbor discovery messages.

4.3 ZRP-IERP

Open NetSim and Select Example s -> Mobile Ad hoc Networks -> ZRP IERP then click on

the tile in the middle panel to load the example as shown in below screenshot Figure 4-9.
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NetSim Academic
Network Simulation/Emulation Platform ﬁ
Version 14.0.32 (64 Bit)

New Simulation Ctri+N  Example Simulations ZRP IERP Results
Your Work cute0 nternetworks This sample provides an understanding of Interzone Routing Protocl, [ERP is responsible for finding
e Cellular Networks routes between nodes located at distances larger than the zone radis
Examples
- Advanced Routing e
Experiments 4 Mobile Adhoc Networks

MANET AODV FO—

outing Protoco

ZRBIASR Channel characteristcs: Path loss only

ZRP |ERP] Path loss model: Log distance.

MANET OLSR Path loss exponent 2.9

Power model in MANETs

Multiple MANETs

Application Throughput Variation with Node Mobility
Range based pathloss model
Software Defined Networks

OT-WSN

Cognitive Radio Networks

LTE and LTE-A
License Settings
Exit Alt=F4

d the working of the different technology libraries in NetSim. Expand and dlick on the file name to display simulation examples. Then click on a til in the middie panel to load the simulation. Click on the
Simulations) panel to view documentation (pds).

Support Leam Documentation Contact Us

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

Figure 4-9: List of scenarios for the example of ZRP-IERP

The following network diagram illustrates what the NetSim Ul displays when you open the
example configuration file see Figure 4-10.
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Figure 4-10: Network set up for studying the ZRP-IERP
4.3.1 Network Se ttings

1. Set grid length as 600m*300m from grid setting property panel on the right. This needs to
be done before any device is placed on the grid.

2. A network scenario is designed in NetSim GUI consisting of 12 wireless nodes and one
ad-h oc | i n%tandam MANEEOOfMANET Network library.

3. To configure any properties in the nodes, click on the node, expand the property panel on
the right side, and change the properties as mentioned in the below steps.

4. In the position properties set mobility model as No mobility for all devices present in GUI.
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5. The medium access protocol was set to DCF in Interface 1(wireless)-> Datalink layer of all
wireless nodes

6. The routing protocol in the network layer is set to ZRP for all nodes. As this is a global
property, changing it on one node will affect all nodes.

7. Click on link and open property panel on the right and set the Channel characteristics: Log
distance, Path loss exponent: 2.9.

8. Configure CBR application from wireless nodes 1 to wireless nodes 12 by clicking on set
traffic tab in ribbon on the top. Click on the created application and set the transport
protocol to UDP, keeping the other properties as default.

9. Enable Packet Trace from configure reports tab in the ribbon on the top.

10. Run simulation for 10 seconds.
4.3.2 Output

Open packet trace and filter Control Packet Type/App Name to IERP route request. In the
below packet trace, node-1 is sending IERP route request packets to its peripheral nodes 2
and 3 since the destination is not presentinnode 16s zone. Similarly, Nod
route request packets to node 5 and 7 and node 3 transmits to node 4. To observe the IERP
route request flow from the respective nodes filter the Transmitter Id to Node 1, Node 2 and

Node 3 alone.
A B C D E F G H
PACKET_ID| ~ | SEGMENT_ID| ~ |PACKET_TYPE ~ (ONTROL_PA(KEF_TYPE[APP_NAME -T| SOURCE_ID| ~ | DESTINATION_ID | ~ [TRANSMITTER_ID ~ | RECEIVER_ID|~
0 N/A Control_Packet IERP_ROUTE_REQUEST NODE-1 MNODE-5 MNODE-1 NODE-2
0 \J;'A Control_Packet IERP_ROUTE_REQUEST NODE-1 NODE-7 NODE-1 NODE-2
0 N,v’A ControLPacket IERP_ROUTE_REQUEST NODE-1 NODE-4 MNODE-1 NODE-3
0 \I,fA Comrol_Jacket IERP_ROUTE_REQUEST NODE-1 NODE-4 NODE-3 NODE-4
) N,r’A ControI_Packet IERP_ROUTE_REQUEST NODE-4 NODE-& MNODE-4 MNODE-3
0 N/A Control_Packet 1ERP_ROUTE_REQUEST NODE-1 NODE-5 NODE-2 NODE-5
0 N,v’A ControLPacket IERP_ROUTE_REQUEST NODE-4 NODE-6 MNODE-4 NODE-3
0 \I,fA Comrol_:‘acket IERP_ROUTE_REQUEST NODE-1 NODE-7 NODE-2 NODE-7
) N,r’A ControI_Packet IERP_ROUTE_REQUEST NODE-3 MNODE-3 MNODE-3 MNODE-6
0 N/A Control_Packet 1ERP_ROUTE_REQUEST NODE-5 MNODE-3 MODE-5 NODE-&
0 N,r’A Control_Packet IERP_ROUTE REQUEST NODE-4 NODE-6 NODE-4 NODE-3
0 \J,M Comrolj‘acket IERP_ROUTE_REQUEST NODE-4 NODE-6 NODE-4 NODE-3
o N,v’A ControI_Packet IERP_ROUTE_REQUEST NODE-5 NODE-3 MNODE-5 NODE-6
0 \l,fA Comrol_Jacket IERP_ROUTE_REQUEST NODE-3 NODE-3 NODE-3 NODE-&
0 NfA Control_Packet 1ERP_ROUTE_REQUEST NODE-4 NODE-6 NODE-4 NODE-3
0 \J;’A Cmntrmlj‘acket IERP_ROUTE_REQUEST NODE-5 NODE-3 NODE-5 NODE-6
0 N/A ControI_Packet IERP_ROUTE_REQUEST NODE-4 NODE-6 MNODE-4 NODE-3
0 \I;'A Comrol_Jacket IERP_ROUTE_REQUEST NODE-5 NODE-3 NODE-3 NODE-b
0 N/A Control_Packet IERP_ROUTE_REQUEST NODE-4 MNODE-6 MNODE-4 NODE-3
0 \J;'A Cmntrml_i‘acket IERP_ROUTE_REQUEST NODE-5 NODE-3 NODE-5 NODE-6
0 N,v’A ControLPacket IERP_ROUTE_REQUEST NODE-5 MNODE-9 MNODE-5 NODE-7
0 \I,fA Comrol_Jacket IERP_ROUTE_REQUEST NODE-5 NODE-9 NODE-5 NODE-7
) N,r’A ControI_Packet IERP_ROUTE_REQUEST NODE-3 MNODE-9 MNODE-3 MNODE-7
0 N/A Control_Packet 1ERP_ROUTE_REQUEST NODE-3 MNODE-9 MODE-5 NODE-7
0 N,r’A CmntmLPacket IERP_ROUTE_REQUEST NODE-5 NODE-9 NODE-5 NODE-7
0 \I,i'A Comrolj‘acket IERP_ROUTE_REQUEST NODE-5 NODE-9 NODE-5 NODE-7

Figure 4-11: Packet Trace
Node 7 generates an IERP Route Reply packet in response to the IERP Route Request since
the destination node, Node 12, is present in the Node 7 zone. IERP Route Reply packet routes
through Node 7 A Node 2 and Node 2 A Node 1. And the data packet routes through Node
1A Node 2, Node 2 A Node 7, Node 7 A Node 9 and Node 9 A Node 12.
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Figure 4-12: Packets take the route 1 > 2 > 7 > 9 > 12 when running ZRP-IERP

4.4 MANET-OLSR
441 Part-1: MPR Table Formation in NetSim

4.4.1.1 Introduction

In OLSR, only a subset of preselected nodes called MPR (Multi-Point Relays) are used to
perform topological advertisements. Control messages (containing e.g. routing information)
are broadcast and forwarded only by MPRs. This leads to a reduction in the number of
transmitter nodes, in the overhead and in useless receptions of messages on nodes. The well-

known storm problem due to broadcasting is avoided.

4.4.1.2 Creation of MPRs in OLSR
Neighbor Discovery

1 Each node in the OLSR network periodically broadcasts HELLO messages to its
immediate neighbors. These messages contain information about the node itself and
its direct neighbors (1-hop neighbors).

1 Fromthese HELLO messages, a node learns about its 1-hop and 2-hop neighbors (the

neighbors of its neighbors).
MPR Selection

I Goal: The primary goal of selecting MPRs is to ensure that all 2-hop neighbors of a

node can be reached through at least one of its MPRs.

1 A node selects a subset of its 1-hop neighbors as MPRs in such a way that these MPRs
can cover all of its 2-hop neighbors. This means that every 2-hop neighbor must be

reachable via at least one selected MPR.
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1 The selection of MPRs is done based on degree of connectivity - nodes with a larger

number of 2-hop neighbors might be preferred to cover more ground with fewer MPRs.

Route Calculation Using MPRs

1 Only the nodes selected as MPRs are responsible for forwarding control messages like
Topology Control (TC) messages. This significantly reduces the number of

transmissions, leading to less network overhead.

1 When a node needs to broadcast a TC message, it only forwards it to its MPRs, which

in turn continue the broadcast, ensuring that the entire network receives the update.

Figure 4-13: lllustration of MPR Selection Algorithm [4]. U is the node for which the MPR set is being
calculated. Red nodes are the set of isolated nodes. Blue nodes are the set of MPR nodes obtained in
the first step. Node E, in purple, is the MPR node selected in the second step. At the end of step 2,
the remaining white nodes can be reached either directly or through one of the MPRs.

In the first step, a node, node U (the green node in the diagram), selects relays from its one-
hop neighbors (N1). These relays, referred to as MPR1 nodes (highlighted in blue), ensure
that all isolated nodes in its two-hop neighborhood (N2), shown in red, are reachable. For
instance, node T is considered an isolated node that can only connect to node U through node
H. Therefore, node H is elected as an MPR in this step, ensuring node T can reach U in two

hops.

In the second step, node U focuses on covering any remaining nodes in its two-hop
neighborhood that were not connected by the initial MPR selection. It considers nodes in N2
that remain uncovered, as well as one-hop neighbors not chosen in the first step, like nodes
B, F, E, and D. Node U then selects additional MPRs based on their connectivity to maximize
coverage. For example, node E is chosen because it can cover multiple nodes in N2 that would

otherwise remain isolated. The algorithm concludes when all nodes within two hops of node U
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are connected, forming an efficient routing set, represented as MPR(U) = {C, E, I, H, G} in the

diagram. This process ensures optimal coverage while minimizing redundant transmissions.

4.4.1.3 3D Network Topology

In the network topology illustrated in Figure 4-13, connecting lines indicate that two nodes are

within communication range of each other, while the absence of a line signifies that the nodes

are out of range. The specific distance requirements between nodes create a set of spatial

constraints that cannot be satisfied when nodes are arranged only in the X-Y plane. To resolve

this geometric limitation, the nodes are positioned in three-dimensional space, utilizing the Z-

axis to achieve the required connectivity pattern. The coordinates of the nodes are given in

the table below.

Node ID

1

© 00 ~N O O b WwN

PR R R R R R R R R
© N OMWNRO

20

Table 4-1: XYZ coordinates for the 20 nodes in this scenario

X
500.00
500.00
571.00
600.00
571.00
500.00
429.00
399.83
429.00
394.06
382.76
571.78
614.60
624.00
564.00
545.27
455.00
393.35
352.03
330.36

Y
250.00
150.00
179.00
250.00
321.00
350.00
321.00
249.15
179.00
105.73
113.09

97.90
118.89
289.00
263.00
396.84
437.00
300.00
339.62
252.03

A 3D view of the topology is shown in Figure 4-14 below.
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Figure 4-14: 3-D views of the topology. The range of the nodes is 130m. View-1 shows the network
topology from a front right perspective, while View-2 provides a top down perspective.

4.4.1.4 Network Setup

Open NetSim and Select Examples > Mobile Ad hoc Networks > MANET-OLSR then click on
the tile in the middle panel to load the example as shown in below

[ MetSim Home - %

NetSim Professional
Network Simulation/Emulation Platform ﬁ
Version 14.2.17 (64 Bit)

New Simulation Cirl+N  Example Simulations MANET OLSR Scenario and Results
Your Work 0 This sample provides an understanding of Optimized Link State Routing Pratocol
Internetworks (OLSR) and Neighbar detection with the periodical exchange of NDP HELLO
Examples advanced Routing MESSAGEs.
Experiments 4 Mobile Adhoc Networks MANET OLSR
MANET AQDV =
ZRP IARP Routing protocol: OLSR :
ZRP IERP Channel characteristics: Path loss only i
MANET OLSR| Path loss model: Log distance =
Energy consumption in MANET Path loss exponent: 3
Multiple MANETs

Application Throughput Variation with Node
Range based pathloss model \
Software Defined Networks o e

License Settings IOT-WSN

Cognitive Radio Networks =

LTE and LTE-A =

VANETs

Satellite Communication

Exit Alt+F4

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

Support Learn Documentation Contact Us

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

Figure 4-15: List of scenarios for the example of MANET-OLSR

The following steps were carried out to generate this scenario:

1 Set grid length as 1000 x 500 from grid setting property panel on the right. This needs
to be done before any device is placed on the grid.
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Create a scenario with 20 Nodes as shown in Figure 4-13.
Click on wireless node, expand the property panel on right and go to Position layer >
set Mobility model to No mobility in all nodes.

1 Setthe Routing protocol to OLSR in Network layer of wireless nodes. As this is a global
property, changing it on one node will affect all nodes.

9 Click on the link, expand link property on right and set the channel characteristics to
pathloss only and pathloss model as Range based, with range as 130m.

1 Enable OLSR MPR log by clicking on configure reports tab and plots as shown below.

X Create Scenario

o ' Network Performanc ] Packet Trace All Network Packets Llog *  Reinjected from Emulator | Log - a8
] w[] (] Event Trace v m o

Dispatched to Emulator Log * Nt Dispatched to Emulator Log

Ty SetTrafic

View Resuts Tabular Summary Traces Emuiator Logs Pots Mobiity Viewer ¥ Heatmap (Betal

- B
0 100 200 300 400 500 600 700 800 %00 1000 HC »
0 . . L . s " [}
g
&gy Log ?
100 uffer Occupt n
- 2 L ~ Aspiic act
a2
¥ = h 5
» - a3 Appiication Gene. =
-, _LD = Link Packet Flow
i ]
» at S N 4 Additional Logs ¥
= L1 —Ed %
- o = | Select A 3
= s RS et
o " ° b= s g
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z =
1 % TCP Congestion.
400 o || g
=
Q
500

1008.3. 304,605 Grid Size W- 1918 px H: 615 px € (7 AutoConnect (on @ —

Figure 4-16: Enabling OLSR MPR log

9 Run the simulation for 50 seconds.

4.4.1.5 Results and Analysis
1 Inthe Results dashboard, click on logs tab and open OLSR_MPR_Log.csv file.

9 Filter the device name column to U.
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6
18
21
24
29
31
34
40
48
60
64
68
i
75
80
o
94
107
114
121

A E C D E F

1 |Time(ms)|~ Device Name|-T| Device ID| ~ | MPR Nodes| ~|One hop neighbors| ~ | Two hop neighbors
1598.32 U 1E ELBFCG; PiN;
1653.5 U 1EC ELB GG PN L
1756.21 U 1ECH E LB FC G H: PiN; LS,
1817.81 U 1ECH E 1B FC G H: Py N; L S P;
1878.82 U 1CHE ELBFCGHD PNLSPN;
1939.91 U 1GHE ELBFCGHD  PNLS PN
L U 1GHLE ELBFCGHD  PiN;LS PN LK
3266.03 U 1CGHLE ELBFRCGHD PN LSPIN LK MO
3280.53 U 1GLGE ELBFRCGGHD,  PNLSPNLKGMO QRS
3235.68 U 1CGEGHE ELBRCGEEHD  RNLSPNLIKMOGQRST
S 1GLGHE ELBRCGEGEHD  EBNLSPENEKMOQRSTO
3306.52\U 1GEGHE ELBERGGHD  PNLSPENEKMOORST O
S 1GLGHE ELBRGEEHD  FBNLSENEKMOQRST O
3638.83 U 1GLEGHE ELBFRCGHD PNLSPNLGMOQRSTO;
3664.76 U 1CGLGHE ELBRECGGHD PNLSPNLKGMOQRSTO;
4909.87/U 1CEGHE ELBRCGGHD  PNLSPNLGMOQGRSTO;
Sldr 1 1GEGHE ELBRCGGEHD  PNLSPNLKMOGQRSTO;
5130.59 U 1CGLGHE ELBRGGEHD  PNLSPENEKMOORSTO;
TLLLGHE 1GLGHE ELBRGEEHD  FBNLSENEKMOQRST O
531825 U 1GLGHE ELBERGGHD  PNLSPENEKMOORST O
BRIEF A 1GLGHE ELBFRCGHD PN LSPNLKMOQRSTO;

Figure 4-17: MPR table formed at node U node

Ver 14.4

1 Initially, U starts with a single MPR node, "E," at 1598.32 ms. Over time, more nodes

are added to the MPR list (e.g., "C", "H", "I", "G"), with some nodes being dropped or

rearranged.
T We finally get the set of MPR nodes as "C; I; G; H; E".

4.4.2

44.2.1

Introduction

OLSR Hello Messages (NDP)

Part-2: NDP and TC Messages in OLSR

The OLSR Hello messages, part of the Neighbor Discovery Protocol (NDP), are exchanged

between directly connected nodes. They enable each node to detect its one-hop and two-hop

neighbors. These messages are used to establish and maintain neighbor relations, which are

necessary for building an updated and accurate network topology. Hello messages include

information about link status and the willingness of a node to participate in forwarding traffic

for its neighbors. This process helps in selecting Multipoint Relays (MPRs), which minimize

the number of transmissions required for routing updates.

OLSR TC Messages
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M ~\\pipe\U_1
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

An 0 =DRBRex=F o5 Eaaanm

No. Time Source Destination Protocol  Length Info
(IPv4) Packet, Length:
(IPv4) Packet, Length:
(IPv4) Packet, Length:
(1 Packet, Length:
(IPv4) Packet, Length:
(IPv4) Packet, Length:

(IPv4) Packet, Length:

.655096 .168.0. .255.255. v (IPv4) Packet, Length:

.664903 .168.0.3 .255.255. v (IPv4) Packet, Length:

.667910 1 .9.12 .255. . v e (IPv4) Packet, Length:

.685037 .168.0. .255. v (IPv4) Packet, Length

' .811243 .255.255. v (IPv4) Packet, Length:

.507108 ] OLSR 100 OLSR (IPv4) Packet, Length:
63 4.508286 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
64 4.509484 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
65 4.510502 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
66 4.510612 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
67 4.512538 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
68 4.513596 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
69 4.514654 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes
70 4.515692 192.168.0.16 255.255.255.255 OLSR v1 100 OLSR (IPv4) Packet, Length: 32 Bytes

Frame 60: 112 bytes on wire (896 bits), 112 bytes captured (896 bits) on interface \\.\pipe\U_1, id @
> IEEE 802.11 QoS Data, Flags: ...... FT
Logical-Link Control
Internet Protocol Version 4, Src: 192.168.0.16, Dst: 255.255.255.255
User Datagram Protocol, Src Port: 698, Dst Port: 698
v Optimized Link State Routing Protocol
Packet Length: 44
Packet Sequence Number: 3
v Message: HELLO (1)
Message Type: HELLO (1)
Validity Time: 6.000 (in seconds)
Message: 40
Originator Address: 192.168.0.16
TTL: 1
Hop Count: 1
Message Sequence Number: 3
Hello Emission Interval: 2.000 (in seconds)
Willingness to forward messages: Unknown (3)
Link Type: Symmetric Link (6)
Link Message Size: 8
Neighbor Address: 192.168.0.17
Link Type: MPR Link (10)
Link Message Size: 8
Neighbor Address: 192.168.0.6
Link Type: Symmetric Link (6)
Link Message Size: 8
Neighbor Address: 192.168.0.15

<

<

<

© 7 Optimized Link State Routing Protocol (olsr), 44 bytes

Figure 4-18: OLSR Hello Message Broadcasting all Its Neighbors information with associated Link
Type

4.4.2.2 Network Setup

Consider the same scenario as Part -1.

Click on wireless node U, expand property panel on right and go to General Layer
A Set Wireshark Capture to Online.

Go to Configure Reports tab A Enable Packet trace.

Run the simulation for 50 seconds.

4.4.2.3 Results and Analysis
Wireshark is generated during the simulation of network.
Neighbor Discovery Process (NDP) or Hello Messages:

The periodic exchange of Hello messages in OLSR dynamically updates the MPR (Multi-Point
Relay) list of a device. You can observe this in the OLSR_MPR_Log.csv by filtering the

Device Name column to "U."
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1 Initial MPR Selection : At 1598.32 ms, the device starts with a single MPR node, "E."

This means "E" was initially the best choice for relaying messages.

2 MPR List Evolution : Over time, more nodes like "C," "H," "I," and "G" are added to

the list. This indicates the device is adapting to network changes, selecting new

relays as network conditions evolve.

3 Dynamic Changes : Nodes are added or removed from the MPR list based on their

current efficiency in relaying messages, reflecting ongoing adjustments to the

network topology.

1 Multiple MPR Nodes : We finally get the set of MPR nodes as "C; I; G; H; E".

Time(ms)| v | Device Name -T| Device ID| * | MPR Nodes| ~ | One hop neighbors| ~ | Two hop neighbors -

1598.32 U 1§ ELBFGG; P:N;
1653.5 /U 1EC; EI;B; F; C; G; PiN; L

L 1EGH; E I; B; F; C; G; H; PN L;S;
1817810 1ECH; E ;B F; C: G H; P;N: L; S; P;
T L 1GHE ELBFCGHD  PiN:LSPN;
1938.91 U 1CGHE ELBFRC:GHD, P,N;LSP;N;
1975.75 U 1GHLE ELBFRCGGHD  PNLSPN LK
3266.03 U 1GHLE ELBFCiGH D;  PyN:LS PN J K M; O;
SEAR L 1GLGE ELBFC;GHD; PiN;LSP;N; K M; O; QG R; S;
3395.68 U 1CLGHE  ELBFRCGGHD  PNLSPNLKGMOGRST
3436.76 U 1GLGHE ELBFCGGEHD  PNLSPNJKMOQRSTO;
S%06521 1CGLGHE ELBFRCGGHD  PINLSPNLKGMOQRSTO;
002470 1GLGHE ELBRGGHD  PNLSPNLIKMOQRSTO;
3638.83 U 1GEGHE ELBRCEHD  PNLSPNLEKGM O QRS TO;
366478 U 1GLGHE ELBFRCGGHD  PNLSPENLKGMOQRSTO;
2909571 1CLGHE ELBFRCGGHD  PINLSPNLKGMOQRSTO;
210916 U 1GLGHE ELBFRCGGHD  PNLSPENLKGMOQRSTO;
SR 1CLGHE ELBFRGEHHD  PNLSPNLKMOQGRSTO;
221888 U 1GLGHE ELBFRCGGHD  PNLSPENLKGMOQRSTO;
el 1GEGHE ELBRCGEHD  PNLSPNLGMOQRSTO;
e 1GLGHE ELBFRCGGHD  PNLSPENLKGMOQRSTO;

Figure 4-19: MPR table formed at node U node after periodic exchange of Hello messages.

Topology Control (TC) Messages

TC (Topology Control) messages are periodically exchanged to inform nodes about the

network's topology. Each node updates its routing table based on the information in these

messages, which include details about MPRs (Multi-Point Relays) and their connections.

When a node receives a TC message, it uses the link information to add or adjust routes in its

table, ensuring it always has the most efficient paths to other nodes. This dynamic updating

keeps the network adaptive to changes, such as new routes or broken links.
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Figure 4-20: TC Message Broadcasted from node to all its Neighbors, so that other nodes in the
network can use this information to update their own routing tables.

IP_Forwarding_Table

u
Network Destination

192.168.0.6
192.168.0.10
192.168.0.3
192.168.0.7
192.168.04
192.168.0.8
192.168.0.9

Netmask/Prefix len
255.255.255.255
255.255.255.255
255.255.255.255
255.255.255.255
255.255.255.255
255.255.255.255
255.255.255.255

Gateway

192.168.0.6
192.168.0.10
192.168.0.3
192.168.0.7
192.168.04
192.168.0.8
192.168.0.9

Interface

192.168.0.2
192.168.0.2
192.168.0.2
192.168.0.2
192.168.0.2
192.168.0.2
192.168.0.2

Metrics

Figure 4-21: Routing Table of Node U

OLSR
OLSR
OLSR
OLSR
OLSR
OLSR
OLSR

Type

The routing table shown in Figure 4-21 reflects these updates, displaying the optimal routes

formed from the latest TC message exchanges.

How often are NDP Hello Messages and TC Messages exchanged in the Network?

Open Packet trace from simulation results window and filter Control Packet Type/App Name
to NDP HELLO MESSAGE, Source ID to Node-1. All the nodes in the network exchange the
NDP HELLO MESSAGEs periodically (for every 2 seconds- check NETWORK LAYER
ARRIVAL TIME column) to detect the neighbors. In the below screenshot, Node-1 is
broadcasting NDP HELLO MESSAGES to its neighbors 2, 3, 4 ,5, 6, 7, 8 and 9 for every 2

seconds as shown below.
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A 8 C D E F G H K
1 [PACKET_ID ~ SEGMENT ID - PACKET TYPE - CONTROL PACKET TYPE/APP_NAME T | SOURCE ID|-T | DESTINATION_ID - [TRANSMITTER ID - RECEIVER ID - NW_LAYER ARRIVAL TIME(4S) - |
16 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-2 0
17 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-3 0
18 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-4 0
19 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-5 0
20 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-6 0
21 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-7 0
2 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-8 0
23 0 N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-9 0
108 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-2 1719373
109 0 N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-3 1719373
110 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-4 1719373
m 0 N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-5 1719373
112 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-6 1719373
113 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-7 1719373
114 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-8 1719373
115 0]N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-9 1719373
183 O'N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 NODE-1 NODE-2 3422280
184 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-3 3422280
185 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-4 3422280
186 0 N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-5 3422280
187 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-6 3422280
188 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-7 3422280
189 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-8 3422280
190 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-9 3422280

3367 0 N/A Control_Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 INODE-1 NODE-2 5174458

3368 0 N/A Control Packet NDP_HELLO_MESSAGE NODE-1 Broadcast-0 NODE-1 NODE-3 5174458

Figure 4-22: NDP HELLO MESSAGES to its neighbors 2, 3, 4,5,6,7,8 and 9 for every 2 seconds in
Packet Trace.

You can observe in the packet trace that hello packets are exchanged every 1.7 seconds. This
is obtained from [5]

oI | WNAQI 0 Qi VA QI WA 6 Qi
This is applicable for TC messages as well.
Now filter Control Packet Type/App Name to OLSR TC Message, Source Id and Transmitter
Id to Node-1. All nodes in the network, broadcasts Topology control (TC) messages (for every
5 seconds - check Network layer arrival time column) in order to build the topology
information base. In the below screenshot, node-1 is broadcasting OLSR TC Message to its
neighbors 2, 3, 4, 5, 6, 7, 8 and 9 for every 5 seconds as shown below.
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Figure 4-23: OLSR TC Message sent to neighbors 2, 3,4,5,6,7,8 and 9, every 5 seconds as can be
seen in packet trace

4.5 Comparative analysis of AODV and OLSR in static and

mobility scenarios

4.5.1 Introduction

Mobile Ad hoc Networks (MANETS) are self-organizing wireless networks that operate without
a fixed infrastructure. The dynamic and distributed nature of MANETSs introduces challenges
for routing protocols, particularly in handling topology changes and maintaining efficiency
under varying traffic loads. Routing protocols for MANETS are broadly categorized into reactive
and proactive approaches, each with distinct mechanisms and trade-offs.

1 Ad-hoc On -Demand Distance Vector (AODV): AODV is a reactive routing protocol
that establishes routes only when needed. As described by Clausen et al. [6], AODV
initiates route discovery by broadcasting route request packets, followed by unicast
replies for discovered routes. This approach reduces control overhead in static or
low-traffic networks. However, frequent route rediscoveries caused by mobility or
high traffic densities can increase overhead.

1 Optimized Link State Routing (OLSR): OLSR is a proactive protocol that maintains
routing tables for all nodes in the network at all times. Clausen et al. [6] , highlights

OLSR6s use orelays(MPRs) tp optinmze control traffic by reducing
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