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ASSISTANCE

Nowadays differenfirst responder ER organizations cooperate togethéo face large

and complex disasters that in some cases can be amplified due to new threats such as
climate change in case of natural disasté¢e.g.larger and more frequentioods and

wild fires, etc) or the increase of radicalization in case of ymande disasters (e.g.
arsoniss that burn European forest terrorist attackscoordinated across multiple
European cities).

The impact of large disastelike thesecould have disastrous consequences for the
European Member States amdfect social welbeingon a global leveEach type of FR
organization (e.g. medical emergency services, faed rescue services, law
enforcenent teams, civil protection professionals, etc.) that mitg#tese kinds of
events are exposed to unexpected dangarsl new threats that can severely affect
their personakafety.

ASSISTANCE proposes a holistic solution that will adapt aestelli situation
awareness $A application aghe core of a wider SA platfornThe new ASSISTANCE
platform iscapable of offering different configuration modes for providing the tailored
information needed by each FR organization while they work togdthenitigate the
disaster (e.g. real time video and resources location for firefighters, evacuation route
status for emergency health services and so on).

With this solution ASSISTANCE will enhance thef3le responding organisations
during their mitigation activies through the integration of new paradigms, tools and
technologies (e.g. drones/robots equipped with range of sensors, robust
communications capabilities, etc.) with the main objective of increasing both their
protection and their efficiency.

ASSISTADE will also improve the skills and capabilities the FRsthrough the
establishment of a European advanced training network that will provide tailored
training based on new learning approaches (e.g. virtual, mixed and/or augmented
reality) adapted to edt type of FR organizatiahneed and the possibility of sharing
virtual training environments, exchanging experiences and actuation procedures.

ASSISTANCE is funded by the Horizon 2020 Programme of the European Commission, in
the topic of Critical Infrastrcture Protectiongrant agreemen832576.
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Disclaimer

This document contains material, which is the copyright of ce®8$ISTANEEBnsortium parties, and
may not be reproduced or copied without permission.

The information contained in this document is the proprietary confidential information cAB®ISTANCE
consortium (including the Commission Services) and may not be disclosed except in accordance with the
consortium agreement.

The commercial use of angformation contained in this document may require a license from the
proprietor of that information.

Neither the project consortium as a whole nor a certain party of the consortium warrant that the
information contained in this document is capable of usm,that use of the information is free from risk,
and accepts no liability for loss or damage suffered by any person using this information.

The information in this document is subject to change without notice.
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1.Introduction

1.1. Executive Summary

This deliverable presents the practical development and implementation of the mobile
communications infrastructure proposed by Viasat for the ASSISTANCE pitject.
contains a detailed description of the Viasat land vehicle (communication hub) with its
components and technical specificationgn addition, this deliverable contains
descriptions and results of the tests performed in the previous months in order to
evaluate theperformance and capabilities of the system.

1.2. Purpose of the Document

The purpose athis document is to provide tASSISTAN@Eomplete description of the
communications infrastructure with alis components and functionalitietn addition,

the deliverable provides a description of the performsatemtestsin order to provide
visibility to all the partners of the way the system fulfils the ASSISTANCE requirements.

1.3. Scope

The scope of this deliverable covers:

- Viasat land vehicle (communication hyisgsentation
- Communication hub functional description

- Communcation hub components description

- System tests description

- System tests results analysis

-  MANET tests description

- MANET tests results analysis
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2.ASSISTANOQNetwork Architecture Overview

One of the main goals of ASSISTANCE is to establish reliable and secure connectivity
between the field units, field commanders (operational level) and thec&ares
(tactical level). The overall ASSISTANCE communication solution is based on a secure
hybrid network approach that will provide high availability in remote areas outside of

the coverage area of traditional communication networks or areas where these
networks have been disrupted due to an emergency. The hybrid network will provide
the necessary \ailability and data rates within the latency constraints in order to
support the large set of interactions between the field units andc€atresin time-

critical missions.

The proposeadhetwork architecturefor ASSISTANCE consisthde main segments:

1 Command and Control centns the unit that has a global view and control of all
the components of the ASSISTANCE project.

1 Radio networkpresents the lastnile network that connects the field units and
UxVs to the communication hub.

1 Viasat Land Vehicl¢hat acts as the backhaul to the radio network, i.e. the
communication node which connects the radio network to thecé@tre. The
Viasat Land Vehicle has three main functionalities:

o Communication hul The main goal of this nomadic communication hub
is to provide network coverage to areas where the ordinary land
communication systems are not available due to lack of coverage,
unreliability or disruption.

o Onboard camerac The vehicle will be mounted with an IP camera that
will stream a real time video anthn be controlled both by an operator
inside the vehicle.

0 Ground mntrol station ¢ The vehicle can host an operator of the camera,
as well as an officer who has situational awareness and can coordinate
and provide support for the ofield units.

The moredetailed description of the network architecture has been presented in the
RSt A O ASHISTANEB.& Robust Mobild 2 YYdzy A OF G A2y &¢é
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3.Communication Kb Architecture

This sectiordescribes each ahe components 6the communication hub and their
functionalities in the setupl'he detailed diagram of the setup inside the communication

hub is illustrated ifFigurel. The communmtion hub connects the radio network to the

C2 centre by using two different networks: LTE network satéllite network. This

allows the communication hub to use the LTE network vaihlatency when the vehicle

is in LTE coverage area and switch to usiiegViasat satellite network in cases when

there is no LTE coverage, which is very common for the use cases in the ASSISTANCE
project. This will ensure high reliability and availability even in rough terrains and
changing conditionsThe components in theommunication hub are described in the
following subsections.

device [ ( )
(T)
&
P Mikrotik Router RB4011

sdapter WIFI e

¢

KalLMA Antenna

Link Balancing Unit :
T a —

Service n.aapr, |

Vehicle Roof

[[[[[[ . RS232

Viasat MODEM

422} T
(.53 T

12

Figurel - Communication huldiagram

3.1. Network Gimera

The camera mounted on the vehicle is an IP surveillance caqérdlS Q6218E PTZ
which isrobust network camera specially designed with high precision pan, tilt and zoom
and longrange IR to cover wide and lowlgstance surveillanceThe camera can
recognise and identifyobjects in large open areas even in poor light or complete
darknessvhichmakes it very useful for the use cases covered in ASSISTANCE.

The real time video stream from the camera can be played by accessing the Axis web
interface with HTTP through the IP address of the caniBra.user can modify all the
parameters of the amera and configure the RTSP stream on the camera such that it can
0S LI @SR o0& lFye @ARS2 LI I &SN K2auSR 2y
subnet.
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Figure3 - Axisweb interface

14/ 60



D5.3 RobustLandMobile Communicationsgnfrastructure Development

Figured - Axis network camera mounted on the communication hub

3.2. MikroTik RB4011 &uter

The MikroTik RB4011 router is used in the communicationtbubterconnect all the
devices In addition, it provides Wi connectivity to users and devices located in a close
proximity to the communication hulihe router and its detailed schema are illustrated

in Figureb.
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Figure5 - MikroTik RB4011 router

RB4011iGS+RM

(- -~~~ T T T T T T T T T T T T TN

LEDs

Figure6 - MikroTik RB4011 schema

Eth1 Eth2 Eth3 Eth4 Eths Ethé Eth7 Eth8 Eth9 Eth10
Gigabit| [Gigabit [ |Gigabit | |Gigabit| |Gigabit Gigabit| |Gigabit| [Gigabit [ |Gigabit| [Gigabit SFP+1
Realtek Realtek
Gigabit Switch Gigabit Switch
RTL8367 RTL8367
RAM |—2.5Gbls 2.5(.-‘:!5:’3J 10Gb/s
1GB
R . -
RJ45
Serial 1.4GHz 4core
with HW accel
NAND
512MB
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3.3. Link Balancing Unit

The link balancing unit has the functionality of utilizing several links to connect the on
field agents and the C&ntre. In the current setup, the link balancing unit utilizes two
backhaul links satellite and LTE). In order to ensure reliability anailability in
different network scenarios, two separate VPN tunnels (one over LTE and the other over
the satellite link) are established between the Link Balancing Unib@ard the Viasat
communication hub (vehicle) and the VPN concentrator hostedvrtual private cloud

which terminates the VPN tunnels. The Link Balancing Unit and VPN concentrator
manage the VPN tunnels to provide Active/Standby failover between the two links (LTE
andsatellite). The VPN tunnels act as a single logical VPN tunneHoyrpimg packet

based faHover between the links.

33.5 mm

LED GE LAN GE WAN"
Indicators

Serial Console & 2x Micro-USB B 12V-48V
12V - 48V DC with 5V, 2A each DC Input
for Power Input for Power Input

Figure7 - Link Balancing Unit

The communication hub can establish the satellite link by utilizing thepseiting
Viasatd YI [ a! ¢ al GSttAGS IyliSyylro72Khg 1&KS Bdzmhey
automated system
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3.4. Dawson &tellite Antenna System

The Dawson SC Antenna is a fully automatic flyaway antenna system that operates on
the satellite Eutelsat K8AT as well as other Vasetworks around the worldrigure

9 presents the system in a lab setting and is used solely for illustration purpose (the
system shown in the figure is not powered oithe full system specificats are
presented inFigurelOFigure9.

Dawson produces in partnership with Viasat Insea of auto pointing antennas for
outdoor nomadic applications.

These antennas come on two different setups

1. Vehicle mounted, equipped with all the necessary kit to be setup on top of a van
or any other capable vehicle. It has advanced stowing capatitis=duce the
stow ske and reduce aerodynamic drag.

2. Groundbased, with appropriate tripotbr field deployment, this antenna can be
disassembled in parts and can be carried in appropriate flight cases for remote
site setup.

This antenna set, also, can bhecompanied by an appropriate energy module able to
provide electrical power in quantity sufficient for 24h operations on locations where no
other source isvailable.

The antenna pointing system is able to discover the given satellite position dialoguing
directly with the SATCOMmodem and getting the relative information from the
standarddsatinfce file available on the modem file system.

Figure8 - Dawson antenna system deployed in the EMSA project

The antenna control unit is able to dialogue with both the TRIA module and the modem
to ensure correct pointing and beam selection, plus is able to keep memory of the latest
position where the satellite had been fund in order to speed up the antenna pgiinti
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case the vehicleffield of operation had not been moved. (E.g: multi dayadipn with
overnight stowing)

Sonre application for this antenna:

1 Provide field internet connectivity to a mobile pilot station to operate an UAV
from a remote and unconnectefield. (ProjectiViadrone).

T t NPOARS O2yySOiA@GAle G2 Iy SYSNHSyOe
FASEtRE NBY20GS aSyaz2NJ AYF3aS GNBIGYSy
Sea causby illegal oil tanker spilProject EMSAhown inFigure).

Figure9 - Dawson SC Zero 70-8AT antenna system in the Viasat (pbwered off)

Section Item Specification
Power requirement Prime power 220 V AC ( 12V DC optional )
Power p Approxi ly 100W
Physical Antenna box 850 H x820 W x 180 D ( mm ) Wt 14 Kg
Equipment box 240 Hx 560 W x 620 L (mm ) Wt 19 Kg
Positioner box 410H x 360 W x 1120 L ( mm ) Wt 34 Kg
Operation Set up / Pointing time <4 minute typical
Pointing system Fully automatic

Manual over ride and emergency stow

Environmental Temperature ( use) Minus 40 to Plus 60 C
Wind speed 70 Kph use 160 Kph stow ( with ballast )
Rain Fully waterproof in use
Construction A y Aluminium and stainless steel
Reflector ViaSat OEM part
Base Stainless steel tripod
Positioner Elevation range 10 - 90 Degrees fully motorised
Azimuth range 200 degrees +/- fully motorised
Polarisation range Automatic switching of polarity
Performance BUC size Standard ViaSat E TRIA
Data rate TX KA-SAT services supported
Data rate RX KA-SAT services supported
RF Antenna Eutelsat KaSat
Frequency KaBand
Compatibility Eutelsat KA-SAT
Antenna size 75 cm nominal
Feed Circular Polarised KaBand

FigurelO- Dawson SC Zer® KASATechnicalspecifications
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3.5. KaLMA satellite antenna

The KaLMA antenna is a sptfinting Kaband satellite antenna mounted on the
communication hub (Viasat Land Vehicle). This antenna is used to establish a link to the
satellite, thus creating thbackhaul link through the Viasat core satellite network.

The Kalma antenna solution is based on fixed beam radiating panels mounted-on a 2
axis mechanically steerable platform that is oriented toward the satellite by means of 2
electrical motors (Elevatioand Azimuth). The radiating aperture utilizes a proprietary
planar array antenna design. The antenna is designed to interface with standard
SurfBearr2 RF components and modem but can be integrated with third party
components.

The radiating aperture isdsed on two distinct rectangular arrays, one for Transmit and
one for Receive that interface with the SurfBe&mlectronics. The antenna electronics

is controlled by onboard electronic based on the information of embedded attitude
sensors and signal qugliinformation coming from the SurfBeath modem. The
antenna is enclosed in a composite frame suitable fob#ad radiation and allowing
the use of the antenna in outdoor conditions. The frame is equipped with brackets for
mounting on ground vehicles. Bhantenna can be easily installed on different type
vehicles and has demonstrated high satellite tracking capabilities whiteeamove.

Specifications:

KA SOTM Antenna TermimaDperates while vehicle is moving
Automatic satellite acquisition ardacking

Operates in emerging Keand services worldwide

Low profile Antenna <33 cm in height with Look anglesaD0°
Compliant with FCC and ITU for Mobile VSAT

Affordable Rugged and Highly Reliable

Operational wind speed of 115 mph or better

Compliant vith ViaSat HTS and similar-Band networks.

LY OGSYYyl RAYSyAYA 2pyWOH EY | pYv dwvHOEE
Weight: 88 Ibs

=4 4 4 4 4 4 4 4 4
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Figurell - Architecture diagram of the KaLMA antenna

Figurel2 - KaLMAantenna mounted on the roof of the Viasat Land Vehicle
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Figurel4 - Viasat mobile terminal (modenand ACU power source
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3.6. PanoramaMIMO Antenna

The LGMMFFR-27 is a high performanceMIMO antenna covering 698700MHz
mounted on the roof of the communication hub (Viasat land vehi@legLGMMFFH-

27 consists 6 up to 5 elements; two isolated high performanestenna elements
covering 698700MHz offer MIMO/diversity at cellular/LTE frequencies, up to 2
optional dual band elements covering 23 & 4.96GHz support MIMO/diversity
operation for WIFI and WiIMAX amdigh performance GPS antenna with an integhat
26dB gai LNA.

Figurel5- Panorama.GMMFFR-27 antenna in the lab

Electrical Data

LTE Frequencies 698-960/1710-2700MHz

Global Positioning Optional GPS L1 1575; GPS L1 1575
Wifi Frequencies MiMo - 2.4/5.0GHz - (Optional)

Peak Gain (dBi) 5

LTE MiMo 2%2

WiFi MiMo Optional 2x2;

Max Input Power (W) 20

Pattern Omni-directional

Ground Plane Independent Yes

Figurel6 - Panorama LGMMFFR27 technical specifications
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4.System tests

4.1. Long driving tests

This section presents the tests thladve been performed with the presented system
and the obtained results'he goal of the test was to drive along ftefined routes with

the communication hub for 72 hours in order to evaluate the performance of the system
during a longperiod of active useThe routes for the testing are presentedrigurel?,
Figurel8 andFigurel9respectively.
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Figurel8- Driving route taken on 141.2020(40 km)
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Winterthur

Figurel9- Driving route taken on3.11.2020(230 km)
4.1.1.Link quality monitoring

One of the main goals of the test was to monitor the quality of each $atel{ite and
LTE) at everyQlseconds along the test route and evaluate the dependence between the
quality of the links and the performance of the systerhe link balancing unit has the
ability to monitor each link with its signal paramesgeat an interval of 10 seconds. This
provides us with the ability to observe the quality of the links@arreaktime, as well

as store the obtained results for further analysis.

LTE link

The system can record the following parameters on the LTE link:

1 SNR; The signato-noise ratio of the givesignal

1 RSRIE The average power received from a singdierence signal, anits typical
range is around44dbm (good) te140dbm(bad)

1 RSRQ Indicates quality of the received signal, and its range is typiil%dB
(bad) to-3dB (good)

1 Representghe entire received power including the wanted power from the
serving cell as well as all-channel power and other sources of naise

Since Switzerland is relatively well covered when it comes to LTE, we can observe in
Figure20that the LTE signal qualifydicated by the blue and green circleshigh along

the test route with very few drops in quality in some spdihis can be confirmed by
observing the timelinergph of the LTE signal parameters-igure21. The graph shows

a very brief time interval of 5 minutes where the LTE signal drops and the LTE connection
is completely lost which is shown Figure22. The map with the exact location of the
signal drop is illustrated iRigure23 showing the values of the LTE signal parameters
before the signal is completely dropped and the location where the LTE signal is regained
a few minutes laterlt is important to note that when the LTE signal wdaspped, the
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system performed a failover to the satellite link without any disruption to the
performanceof the system
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Figure20- Map of the LTE link quality during the long driving test
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Figure21- Timeline graph of the LTE signal parameters
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Figure23- Map of the LTE signal drop

Satellite link

Similar to the LTE link, we have also observed the satellite link status at intervals of 10
secondsThe map shown ifigure24illustrates the status of the Satellitek along the

test route during the long driving test. The red circles on the map show the location
where the satellite link was active and the system is using the link as backhisul.
important to note that each circle on the map corresponds to appnaitely 10 data
points since each data point is taken at an interval of 10 seconds and not every data
point can be shown on the map when it is not zoomedTihe map shows that the
satellite link is active along most of the test route with some disruptdresto the many
physical obstacles on the road that prevent the KaLMA antenna framteiningLOS

with the satellite.The timeline graph of the latency on tisatellite link corresponding

to the map shown ifrigure24is illustratedin Figure25. The timeline graph shows only

the latency measurements when the satellite link is active meaning that the blank spots
correspond to the points in time when the satellite link was do@aringthose points

in time, the system performs a failover to the LTE link waHoss of data.
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Figure24 - Map of the Satellite link status during the long driving test
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Figure25- Timeline graph oftie latency on the Satellite limkiring the long driving test

4.1.2 DeploymentTest

This subsection presents a testing scenario where the communication hub is deployed
to the field of operation and remains static during the missibmsimulate this scenario,

we have monitored the system during driving before stoppihg predefined location

for 1 hourin order to analyse if the system performs in a stable manner after the
deployment. The map of this test is illustratedFigure26 where we can see the route
taken to reach the deployment location, as well as the location of the deployment with
its 302 entries for the latency measuremeni&he corresponding timeline graph i
presented inFigure27 where we can observe the satellite link latency during the test.
We can observe that the satellite link is going back and forth between oniisheffline
during the driving to the deployment location which is expected due to the physical
obstacles encountered along the routeis important topoint out that the satellite link

is stable after the communication hub reaches the defined locatiod wahile the
communication hub isno longer moving This shows that the communication hub
provides a reliable backhaul link in the scenario where it needs to be deployed in an area
outside of cellular coverage.
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Figure26 - Map ofthe deployment test
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Figure27 - Timeline graph of theatellite link latency during thdeployment test
4.1.3 FailoverTests

This subsection presents the tests focusing on evaluating the ability of the system to
perform failovers between the two links without affecting the performance of the
system.Therefore, we have configured the satellite link as the priority link meaniag th

it will be used when both links are activiehe goal is to observe the performance of the
system when the satellite link is offline and the system rsdedperform a failover to

the LTE linkin addition, the system needs to be able to perform anotlalofer back

to the satellite link once the satellite link is back online.

The map of the first failover example is shown Bigure28 where the red circles
representthe locations where the satellite link is active and the blank spots represent
the locations where the satellite link town and the system has performed a failover

to the LTE linkThe same map representing the LTE link signal parameters during the
sametime is shown irFigure29 where we can observe that the ETink is online during

the whole time interval.
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Figure29- Map of theLTHink signal parametersluring thefailover

The data rates on both links during the time interval of 24 minutes (each block on the
graph corresponds to 4 minutes) is showrkigure30. The upper graph representse

data rate on thesatellite link and the lower graph shows the data rate on the LTE link.
As shown in the graph, the systeperforms several failovers between the links
depending on the availability of the satellite link since it has priofibe conalsion of
these tests is that the system is able to perform failovers between the links without any
degradation in performance which ensures that the system provides high availability
and reliability.
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Figure30- Data rates on the satellite and LTE link

4.1.41 ong activityTest

The goal of this test is to test the performance of the system using the satellite link
during an interval of 12 hours. The test catsiofkeepingthe system to be active for

12 hours while downloading at a constant rate of 750 kbps in order to observe whether
the system will experience any disruptions. The SNR measured on the upstream and
downstream link of the KaLMA satellite antendaring the 12 hours of active use is
shown onFigure31.
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Figure33- Download data rate on the satellite link during the long activity test

We can observe that the SNR is stableimyithe whole time interval except for a brief
drop on the upstream link in the morning which is quickly regained. The timeline graph
of the satellite link latency illustrated Higure32 shows that the satellite link is stable
during the whole 1zhour time interval. Furthermore, we can observeFigure33 that

the download data rat®n the satellite link is stable at the desired 750 kbps during the
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whole time interval. This set of tests proves that the system ensures stable performance
during a long period of activity.

4.2. Short Driving Tests

This section presents the tests performed by driving around in the communication hub
(Viasat Land Vehicle) with the KaLMA antenna mounted on the roof of the vehicle. The
antenna? éontrol unit ACU is able to log up to 150 parameters at an interval 00.1
which can then be illustrated on a map, thus allowing the visualization of the major
antenna parameters at every point in the test path. The screenshots presented in this
section use the color of the icon (in this case a circle) to represent RE8Sbf the
antenna at the given point with grearolourrepresenting a higiRSS{above 8 dB) and
orange and red representing low&SSvalues respectively. The goal of this test is to
evaluate the pointing capabilities of the antenna and observe which specé#itarios
cause theRSSto drop.

The screenshots illustrate two different routes, but the same conclusions can be drawn
from both scenarios. The antenna is able to maintain a R§stlespite a lot of sharp
turns along the paths with some instancesdgfcreasedRSSmostly due to physical
obstades at the given location.

4.2.1.1. Testat EPFL campusLausanne

The same tests were performed by driving around the EPFL campus in Lausanne,
SwitzerlandFigure34 illustrates the RSSI at every point along the path where it is clear
that the RSSI drops at the points where tall objects like buildings and trees block the
satellite signal thus resulting in a very low RSSI. However, the KaLMA antenna is able to
quickly ecover the signal once LOS with the satellite is established.
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Figure35- Connectivity at every single point along the path

In order to evaluate the relainship between the RSSI and the connectivity (status of
the connection) of themodem, we observerigure 35 where the network status is
illustrated. The modem has 4 difent states:

1 Scanningvhich means that the KaLMA antenna is tracking the satellite in order
to establish the link.
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1 Network entry which means that the antenna has established a link with the
satellite with a satisfactory RSSI and the modem is negotiatagebhwork entry
with the satellite core network.

1 DHCRwvhich means that the core satellite network is assigning an IP address to
the modem.

1 Onlinewhich means that the system is online and data can be transferred using
the satellite network.

We can see fromboth Figure34 and Figure35 that there is a clear alignment between

the connection status and RSSI since the system is in Scatatieghen the RSS! lisw
meaning that the KaLMA antenna is still tracking the satellite. Once the antenna
establishes the link with the satellite, the system goes to the status Network entry and

if it is successful, the system proceeds with DHCP and after receiving an IP address, the
system is Online.

Figure36 and Figure37 illustrate the relationship between thariving speed of the
vehicle and the RSSI obtained by the KaLMA antefima.plots showvthat the driving
speeddoes notaffect the satellite tracking of the KaLMAtanna which is able to
establish and maintain the satellitek at variable driving speed
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Figure36 - Relationship of the driving speed (kmph) and the R3Sl
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4.3. TrelliswareTests

Test description

Trellisware radio terminals create a sidfming, selfhealing, infrastructurdess tactical
Mobile Adhoc Network(MANET)capable of connecting a large number of devices
across a largarea. In addition to the audio channels, each radio module suppb§4

video streamsDepending on the model of the radio terminal and the resolution of the
video streams, the MANET can support multiple video streams simultaneously.
Furthermore, the Tellisware radio terminal can act as a relay to other radios in range,
thus creating a mesh radio network with a large range. The radio modules (equipped on
first responders and UAVS) will send or relay all the data streams to the communication
hub where tte traffic will be routed to the Ceentre.

.U)))) ((@,

Figure38- Trellisware testing setup

iperf Server

iper! Client
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The goal of these tests is to evaluate the range and throughput of the Trellisware MANET
in different scenarios in order to have an insight inte ttapabilities and limitations of
the radio terminals, as well as to verify the integration of the Trellisware MANET into
the developed hybrid network infrastructure.
1. TSTTRLS 001 ¢ Said (GKS O2yySOiAgAGe o0SiseSSy (6
conditions.
2. TSTRLS 002 [ h{ NI y3S (G4Sad 0SGeSSy (g2 W/ dzoC

Therest of the tests with the MANET have been presentethe deliverable
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Test Scenario
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terminal and a TCP session is established betweenathtepgs using Iperf. The same test is a
performed for UDP message$.KS (Sad ¢l a LISNF2NX¥YSR Ay
Lausanne office.

Test Results

Link SNR 52 dB

Bandwidth TCP: 3.31 Mbps, UDP: 8.02 Mbps

Packet losses (UDF 0.012%

Latency Minimum = 67ms, Maximum = 391ms, Average = 142ms

432TST.TRLS 002 [ h{ NI} y3aS G(GSad 0SG6SSy (g2

Test case ID
TST TRLS 002

Test Scenario
¢KS 3I2Ff 2F GKAa GSad Aa G2 St dzk (S tennikds
by placing them at various distances from each other ensuring LOS. In order to do this, W
one radio terminal at a fixed position and move the other radio to different positions relati
the first. At each designated distance, we evaludute throughput and latency of the connectig
between the two radios. We repeat the tests for the following distances between the radios:
100m, 1km, 3km, 5.5km, 10ki.K S (1 Saida LINBASY (ISR Ay (zZnkeio
military bas€  Aulgaria from 09.09.2020 until 12.09.2020 with the support of the Bulgg
Defence Institute "Professor Tsvetan Lazarov"

Test Results

50m

Link SNR | 53 dB
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

Bandwidth TCP: 3.24 Mbps, UDP: 7.92 Mbps

Packet losses (UDF 0.13%

Latency Minimum = 82msMaximum = 380ms, Average = 157ms
100m

Link SNR 52 dB

Bandwidth TCP: 3.12 Mbps, UDP: 8.04 Mbps

Packet losses (UDF 0.21%

Latency Minimum = 73ms, Maximum = 305ms, Average = 135ms
1.3km

Link SNR 53

Bandwidth TCP: 2.56 Mbps, UDP: 6.75 Mbps

Packetlosses (UDP 2.3%

Latency Minimum = 92ms, Maximum = 396ms, Average = 178ms
3km

Link SNR 53 dB

Bandwidth TCP2.31 Mbps, UDP: 7.12 Mbps

Packet losses (UDF 3.7%

Latency

Minimum = 74ms, Maximum = 297ms, Average = 133ms

5.5km (over lake)

Link SNR 34dB

Bandwidth TCP: 3.23 Mbps, UDP: 8.02 Mbps

Packet losses (UDF 0.041%

Latency Minimum = 67ms, Maximum = 282ms, Average = 128ms
10km

Link SNR 6 dB

Bandwidth TCP: 1.02 Mbps, UDP: 2.48 Mbps

Packet losses (UDF 6.7%

Latency

Minimum = 70ms, Maximum 292ms, Average = 138ms

Open Window Network

Alias A Alias B

Link SNR (dB) | Link Quality

VIeW:1 a1 Networks @ Q- _
o

SN-3041 SN-90757

0 of 1 items selected.

View: | All Networks @

53 Blue

CMD

Alias: SN-90757

Serial Number: SN-90757
Age: 00:00:00

Battery: 85%

Channel: 1

F’@‘ﬁl @
A

| Clear Links |

/' Black (reference)

V| Blue

Green
V! Yellow
V| Red

OP{;Q‘“»«-:

Figure39 - Range test at B km(map)
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D53 RobustLandMobile Communicationsnfrastructure Development

Figure40- Range test at 1.3km (terrain)

Link List 2

Alias B Distance (m) Link SNR (dB) | Link Quality

SN-90757 3061 53 Blue

Figure41- Range test aB km (map)
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D53 RobustLandMobile Communicationsnfrastructure Development

Distance (m) Link SNR (dB) | Link Quality

5540 34 Blue

€

LE} l;onpumro
J

-, o
4
V] &
o §
v y
Date / Time ¥ Device ID
2020-09-10 / 11:48:56 None
2020-09-10 / 11:48;55 (00-1E-3F) 00-D9-B4
0.0f 4 ltems selected. » o ;Y

Figure42- Range test at 5.8m (map)

! ——

Radio 2

Figure43- Range test at 5.5 kntgrain)
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

€ c @ © & https//10.120.110.92/apps/6_1_4-b7/TTVC/

Node List 1

Age Status Alias Serial Number Model Number Battery Level Power Conservation

View: | Defaults H | All Networks

00:00:00 Active SN-90738 90738 TW-400 78% off

00:00:00 Active SN-90757 90757 TW-400 53% off o

0 of 2 items selected.

Wednonc

Link List 1

Xanmsam 1o

VIeW: | a1i Networks a

Alias A Alias B

Distance (m) Link SNR (dB) | Link Quality

SN-90738 SN-90757 10579 12 Green

0 of 1 items selected.

Radio 2

Figure45- Range test at 10kr(terrain)
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

Test Logs

Pinging 10.120.254_84 with 32 bytes of data:

Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:
Reply from 10.120.254.84:

Reply from 10.120.254.84:

bytes=32 time=239ms TTL=128
bytes=32 time=207ms TTL=128
bytes=32 time=180ms TTL=128
bytes=32 time=177ms TTL=128
bytes=32 time=131ms TTL=128
bytes=32 time=116ms TTL=128
bytes=32 time=92ms TTL=128
bytes=32 time=74ms TTL=128
bytes=32 time=84ms TTL=128
bytes=32 time=111ms TTL=128
bytes=32 time=73ms TTL=128
bytes=32 time=143ms TTL=128
bytes=32 time=130ms TTL=128
bytes=32 time=99ms TTL=128
bytes=32 time=101ms TTL=128
bytes=32 time=83ms TTL=128
bytes=32 time=74ms TTL=128
bytes=32 time=102ms TTL=128
bytes=32 time=107ms TTL=128
bytes=32 time=99ms TTL=128
bytes=32 time=110ms TTL=128
bytes=32 time=103ms TTL=128
bytes=32 time=237ms TTL=128
bytes=32 time=176ms TTL=128

bytes=32 time=113ms TTL=128

Figure46 - Latency test at 3km

Connecting to host 10.120.254.84, port 5201
4] local 1e.
[ ID] Interval

[
[

Lol L Kan R R R e B e e e e e e T e R e e R e e e T e e e R ]

4]
4]
4]
4]
4]
4]
4]

9.
.01-2

NMNMNMNNMNNNNMNMNNNNRRRBRRERRRRREBERERE
WONOGOUPA,WNRPOUOUONOUVAWNRE®

VWWNO U R WN R

00-1

01-3
01-4.
@1-5
01-6
00-7
00-8
00-9

120.160.139 port 57166

Transfer

.01 sec 256 KBytes
.01 sec 256 KBytes
.01 sec 256 KBytes

o1 sec 256 KBytes

.01 sec 128 KBytes
.00 sec 256 KBytes
.00 sec 128 KBytes
.08 sec 128 KBytes
.00 sec 256 KBytes
.00-10.
.00-11.
.00-12.
.00-13.
.02-14.
.92-15.
.02-16.
.02-17
.092-18
.01-19.
.01-20.
.01-21
.01-22
.01-23.
.01-24.
.01-25.
.01-26
.01-27.
.00-28.
.00-29.
.00-308.

00 sec 128 KBytes
@0 sec 256 KBytes
08 sec 256 KBytes
02 sec 128 KBytes
02 sec 128 KBytes
02 sec 256 KBytes
02 sec 256 KBytes
.82 sec 128 KBytes
.01 sec 128 KBytes
01 sec 256 KBytes
01 sec 128 KBytes
.01 sec 128 KBytes
.01 sec 256 KBytes
01 sec 128 KBytes
01 sec 128 KBytes
01 sec 256 KBytes
.81 sec 128 KBytes
00 sec 128 KBytes
00 sec 256 KBytes
00 sec 128 KBytes
00 sec 256 KBytes

Bandwidth

2.88 Mbits/sec
2.10 Mbits/sec
2.10 Mbits/sec
2.10 Mbits/sec
1.05 Mbits/sec
2.10 Mbits/sec
1.85 Mbits/sec
1.05 Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

N
[
®un®

o

B

PO Oo®
= )

=
(]

o ®
[NV

=
=

NRPNRRNRPRRPNRPRPNRBPRERNNRERRBRNNR
RPOOHROO®K®®
[SRC RS I SR ]

= ®
® vl

Figure47- TCP test at 3km

connected to 10.120.254.84 port 5201
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

Connecting to host 19.120.254.84, port 5201
4] local 10.120.160.139 port 64354 connected to 10.120.254.84 port 5201

[

[ ID] Interval

[

el R R R R B e K R N e N e K E e E e B e N e W N N N K N e R K R e R R R W e |

4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]

Q.

O oo~V wN R

NNNNNMNNNRONNNRRRPBRRRRRRRR
WONOUNARWNROOUORNOUT R WNR®

Pingin
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply
Reply

ge-1.092 sec
.92-2.01 sec
.01-3.01 sec
.01-4.00 sec
.00-5.00 sec
.00-6.01 sec
.91-7.00 sec
.00-8.00 sec
.ee-9.01 sec
.01-18.01 sec
.01-11.0@ sec
.98-12.01 sec
.01-13.91 sec

.91-14.00 sec
.008-15.08 sec
.00-16.0
.02-17.00 sec
.00-18.0
.91-19.0
.01-20.0
.01-21.0@ sec
.00-22.0
.091-23.0
.91-24.00 sec
.08-25.00 sec
.00-26.0
.01-27.08 sec
.00-28.0
.91-29.0
.01-38.00 sec

2 sec

1 sec

1 sec

1 sec

1 sec

1 sec

1 sec

1 sec
1 sec

g 10.120.162.105 with 32 bytes of data:

from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from
from

10.
1e.
10.
10.
1@.
10.
1e.
10.
10.
10.
10.
1e.
10.
10.
10.
10.
1e.
10.
10.
10.
10.
1@.
10.
10.
10.
10.
1@.
10.
1e.
10.
10.

Transfer

896
976
984
976
968
984
976
976
976
984
968
976
984
968
976
984
976
976
992
960
976
976
984
968
976
984
968
984
984
968

KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes

Bandwidth Total Datagrams
7.23 Mbits/sec 112
8.03 Mbits/sec 122
8.10 Mbits/sec 123
8.03 Mbits/sec 122
7.92 Mbits/sec 121
8.00 Mbits/sec 123
8.86 Mbits/sec 122
8.00 Mbits/sec 122
7.90 Mbits/sec 122
8.09 Mbits/sec 123
7.97 Mbits/sec 121
7.99 Mbits/sec 122
8.03 Mbits/sec 123
7.97 Mbits/sec 121
8.01 Mbits/sec 122
7.97 Mbits/sec 123
8.10 Mbits/sec 122
7.94 Mbits/sec 122
8.08 Mbits/sec 124
7.90 Mbits/sec 120
8.05 Mbits/sec 122
7.94 Mbits/sec 122
8.09 Mbits/sec 123
7.96 Mbits/sec 121
7.99 Mbits/sec 122
8.03 Mbits/sec 123
7.95 Mbits/sec 121
8.01 Mbits/sec 123
8.84 Mbits/sec 123
8.02 Mbits/sec 121

Figure48- UDP test at 3km

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.

162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.
162.

105:
105:
le5:
105:
1@5:
105:
105:
1@5:
105:
1@5:
105:
105:
1e5:
105:
1@5:
105:
105:
1e5:
1@5:
1@5:
105:
1e5:
1e5:
1@5:
le5:
105:
1e5:
105:
105:
le5:
105:

bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32
bytes=32

time=187ms TTL=128
time=149ms TTL=128
time=129ms TTL=128
time=67ms TTL=128

time=137ms TTL=128
time=91ms TTL=128

time=119ms TTL=128
time=1@01ms TTL=128
time=114ms TTL=128
time=94ms TTL=128

time=68ms TTL=128

time=111ms TTL=128
time=282ms TTL=128
time=248ms TTL=128
time=236ms TTL=128
time=257ms TTL=128
time=237ms TTL=128
time=201ms TTL=128
time=223ms TTL=128
time=146ms TTL=128
time=126ms TTL=128
time=99ms TTL=128

time=13@ms TTL=128
time=114ms TTL=128
time=87ms TTL=128

time=78ms TTL=128

time=120ms TTL=128
time=79ms TTL=128

time=113ms TTL=128
time=1@0@ms TTL=128
time=79ms TTL=128

Figure49- Latency test at 5.5km
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

Connecting to host 19.120.162.105, port 5201

[

4] local 10.120.160.139 port 56031 connected to 10.120.162.105 port 5201
Transfer

[ ID] Interval

[

e e R R e K K W e W e W e N e W R W K E e N e N R N e R R R B R N W K N |

4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
41

.0e-1.01

.91-2.00

.0R-3.00

.00-4.00

.ee-5.01

.01-6.00

.80-7.01

.01-8.01

.91-9.01

.el-18.01
.01-11.04
.e4-12.01
.e1-13.01
.01-14.02
.92-15.00
.00-16.01
.e1-17.01
.01-18.02
.92-19.00
.ee-28.01
.01-21.00
.90-22.00
.9R-23.02
.92-24.01
.91-25.82
.92-26.01
.e1-27.01
.01-28.02
.92-29.02
.92-38.01

WooOoNOWUV A wWNERE®

NNNNMNMNMNNROMNNNRRRRRRBRRR R
WEONOWNEWNRO®OONOOUVRAWNER®

sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec

256
256
384
384
512
256
384
384
512
384
384
384
512
384
256
512
384
256
384
384
384
384
384
384
384
384
512
384
512
256

KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBvtes

Bandwidth

2.08
.11
.14
.16
.16
.12
.12
.15
.17
.17
.04
.25
.18
.14
.12
.18
.12
.89
.19
.13
.16
.14
L11
.16
.13
.17
.18
.14
.19
.11

MNOBWRWWWWWWWWNWRANDWREWWWRWWNDRERWWRN

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

Figure50- TCP test at 5.5km

Connecting to host 10.120.162.185, port 5201

[

4]

[ D]

[

Lo L R e s R R B K e B R N e B e e W e R N e N e e N e e R e B e N e R N e N e

4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]

local 19.120.160.139 port 50626
Transfer

Interval
0.00-1.01

19.01-11.02
11.e2-12.01
12.01-13.00
13.00-14.00
14.00-15.00
15.00-16.00
16.00-17.00
17.e0-18.02
18.02-19.00
19.00-20.00
20.00-21.00
21.00-22.00
22.00-23.00
23.00-24.00
24.00-25.00
25.80-26.01
26.01-27.00
27.00-28.00
28.00-29.00
29.00-308.00

sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec
sec

912
968
976
968
984
968
976
984
976
984
968
976
984
968
984
968
976
976
984
976
976
976
984
968
976
976
976
976
984
976

KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes
KBytes

connected to 10.120.162.105 port 5201

Bandwidth

7.38
8.01
7.93

~

~ 00 00 00 N NS00 N 00 N 00~ 00N 00N 0000~ 00~ 00N~ 00
[Us] [ts] ® [ 0
OO WO WUIUTW®OEWUIwWwe wwoo--oOu oo R O \Ww

P I D )
0 ® WY @000 Ve WwWwWO

MY
N 00

.

e e e e
(o I o] 0w e wvwe

.

Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec
Mbits/sec

Figure51- UDP test at 5.5km

Total Datagrams
114
121
122
121
123
121
122
123
122
123
121
122
123
121
123
121
122
122
123
122
122
122
123
121
122
122
122
122
123
122
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433TST. TRLS 00BSa il (KS O2yySOGAQOAGE o
on the field using radio relaying

u»
[ @=t-N
N

Test case ID

TST TRLS_003

TestScenario

The gal of this test is to test the radio relaying capability of the Trellisware Cub radio terrn
This functionality allows the radio terminal to act as a relay for two radios that are out of rar
each other but within range of the radiacting as a relay. Therefore, this functionality of {
Trellisware Cub allows it to drastically increase the range of the Trellisware MANET sinc
support up to 8 hops between radio relays in the MANET.

The test was performed hylacing two radiosit the distance of 10 km with established LOS (s
as inTST_TRLS _002) and a third radio at the distance of 100m and LOS to the second i
without LOS to the first radio. This means that the second radio will act as a relay f
communicatiorbetween the first and third radio.

Test Results
Radio 1 : Radio 2

Link SNR 6 dB

Bandwidth TCP: 1.181bps, UDP: 24 Mbps

Packet losses (UDF 4.2%

Latency Minimum = 82ms, Maximum = 3fhs, Average =4Pms
Radio 2 Radio 3

Link SNR 51dB

Bandwidth TCP: 3.12 Mbps, UDP: 7/4Bps

Packet losses (UDF 0.21%

Latency Minimum = 76ms, Maximum = 38i5, Average =4I/ms
Radio 1: Radio 3

Link SNR No direct link

Bandwidth TCPO0.78Mbps, UDP1.97Mbps

Packet losses (UDF 6.4%

Latency Minimum =81ms,Maximum = 33ms, Average =4/ms

45/ 60
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Radio 2
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434TST TRLS 004h{ NI y3IS GSai tednbalsioeBsga G ¢ 2

Test case ID
TST _TRLS 004

Test Scenario
¢KS 3F2Ff 2F GKAa GSad Aa G2 S@FfdzadS GKS
by placing them at various distances from each other ensuringi.€3$he sea in order to evaluat
the effect of the water surface and waves on the radio transmissioorder to do this, we kee
one radio terminal at a fixed position and move the other radio to different positions relati
the first. At each designated distance, we evaluate the throughput and latency of the conn
between the two radios. We repg the tests for the following distances between the radios: 5
2.3km, 5.5km, 7.5km and 10km.
The tests presented in this table have been performede Portuguese Navy base in Lish
Portugalfrom 30.09.2020 until02.10.2020 with the support of thdortuguese Navy (Marinh
Portuguesa)

Test Results

2.3 km

Link SNR 35dB

Bandwidth TCP: 3.45 Mbps, UDP: 7/46ps

Packet losses (UDF 0.11%

Latency Minimum = 82ms, Maximum = 387ms, Average =m$9
5.5 km

Link SNR 24 dB

Bandwidth TCP: 3.12 Mbps, UDP68Mbps

Packet losses (UDF 0.27%6

Latency Minimum = 73ns, Maximum = 317ms, Average Sk
7.5km

Link SNR 26 dB

Bandwidth TCP: 2.56 Mbps, UDP: 6.75 Mbps

Packet losses (UDF 2.3%

Latency Minimum = 92ms, Maximum = 396nfsyerage = 178ms
10km

Link SNR 16dB

Bandwidth TCP1.72Mbps, UDP6.23Mbps

Packet losses (UDF 4.7%

Latency Minimum = 74msMaximum = 291ms, Average = t#2
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Figure54 - Range test at 2.3 knterain)

@ TIVC

€)> C B © & https;//sn-9921.local/apps/6_1_4-b7/TTVC/ w In @O ®

Open Window Network
Link List 1

All Networks =

Alias B Distance (m) Link SNR (dB) Link Quality

SN-90757 2379 35 Blue

CMD

Alias: SN-90757

Serial Number: SN-90757
Age: 00:00:00

Battery: 88%

Channel: 1

Base Noval
de Lisboa

o sobreda

Larabjeiro

V10-1 Alozatim, €61t

N 1
R

Date / Time ¥  Device ID Serial Number Message
2020-10-01/12:00:35 (00-1E-3F) 04-4B-BO Node added

2020-10-01/ 12:00:34 None Re-established connection with aaent
0 of 8 items selected.

Figure55- Range test at 2.3 km (map)
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D53 RobustLandMobile Communicationsnfrastructure Development

@ TIvVC
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Figure56 - Range test at 5.5km (map)
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Figure57 - Range test at 5.5km (terrain)
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D5.3 RobustLandMobile Communicationsgnfrastructure Development
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Figure58- Range test at 7.5km (map)

Figure59- Range test at 7.5kntgrrain)
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D5.3 RobustLandMobile Communicationsgnfrastructure Development
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Figure60- Range test at 10km (map)

Figure61- Range test at 10km (terrain)
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D5.3 RobustLandMobile Communicationsgnfrastructure Development

TestLogs

Figure62 - Latency test at 5.5km

Figure63- TCP test at 5.5km
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