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Applications Volcanomonitoring

ARAVIOLIRadonAnalysison Volcanoesvith

In-situ Observations of shekived
Isotopes

ARadon gazensor@ Etna, Masaya,
Soufrierevolcanos

A Canbe usedto predictvolcanicactivity

A Sensorare moveddependingon volcano

activity

A Aterrestrial LoRaWametwork has been
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Application :
Wildlife monitoring

A Basedon low-power camerawith
Al classificationMobilet on TF
Lite Micro)

A Wakeup basedon PIR

A Speciexlassexounterssent . 3 '
periodicallythru aLoRaWAN 1/18/2018  3:44

L e IS Y

private network

A Sites

A Alpsvalleygnot coveredby public
loToperatorg

UGA

Université
Grenoble Alpes

https://gitlab.com/wildcount/doc/
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Application : Bird
speciles classification

-
AProject with CERN
AUse audio and Al to detect g s
and classify bird species :
ASensors deployed in the FER A e
211 hectare to follow bird fos

life (’ -/
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Application Microclimatesensors

for Malaria survelllance

A Malaria (WHO, 2021)
A 247 million cases worldwide

A 619,000deaths: 25% attributed to
environmental factors

A Surveillance (1oT)

A low cost and low tech LoRaWAN weather
stations
for collecting environmental data

A Prediction/prevention (1A ML)

A Machine (Deep) Learning for predicting and
alerting

in case of Malaria epidemic hotspots U C A

ASit d by terrestial LORaWAN gat t
Sites (covere y terrestial LoRa gateways or sa) Université

A Yaoundé (Cameroun), Niamey (Niger) Grenoble Alpes

A Remoteareas ofAfricancountries arebadly coveredby
terrestrial networks

https://en.wikipedia.org/wiki/Malaria ¢
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Introduction

Power Baud rate
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Introduction

Low Earth Orbit reduce communication distance
GEO provide continuous coverage

LEO

éabout 850km up

i~ about 36,000km high
8
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A More satellites means lower revisit time
A Multiple orbits help to increase coverage
everywhere

A Most company will start to operate with

4-12 satellite

e

e
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Introduction i) |

VHF UHF L S C Ku Ka

Licence bands : 0.03-0.3 0.3-1 1-2 2-4 11-14 20-30
UHF :400MHz : ArgoXineis .
L-band : 1.6GHzAstrocast Astrocast
Sband :22.2GHzEchostaft Lk

OmniscpackViasat e Telnet . . Ke
Gband : Eutelsat ? Kineis

Kuband : Eutelsat Iridium Iridiur

SatellloT Next

leet HeliosWire

Unlicensed Lacuni
433MHz FossaSat
868MHz LacunaPlanS WY
2.4GHz : Orca Echosta Eutelsat Smart
loT

OQ Tec

Pocket cube CubesaBu-6u Small Sat
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network

Lacuna
Customers

Lacuna

Other
LoRaWAN
Providers

L§RaWAN"

Battery powered devices Satellites in low earth Messages are relayed to Data relayed to The Distributed to Lacuna Space
QS @ direct to satellite +no orbit collect and store ground station when @ Lacuna Network for customers or other
@Q gateway required received messages satellite goes overhead distribution operators as appropriate
AN

Lacuna Use ISM bands : 868 or 920MHz
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Introduction

Satellites in low earth

@ orbit broadcast downlink
messages including
Keplerian information

TLE are sent to satellite
@ from ground staation

Use ISM bands : 868 or 920MHz

UniversitéCotej Azur| CNRS | LEAT | France 13




Antenna for loT from Space

A Ceramic Patch antenna

/. Robust and industrial
/A Cost

A Cross dipole

A Simple printed structure
A Need abalun

A Quadrifillar

=

/A Wide circularly polarized beam

A Feeding circuit is complex
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Antenna for loT from Space

Made on Epoxy FRstibstrate: Topis 0.4mm, Bottomis 0.8mm

Top PCB

Bottom PCB

| 12mm

70mm

5mm
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Antenna for loT from Space

Made on Epoxy FRstibstrate: Topis 0.4mm, Bottomis 0.8mm

Top PCB

Bottom PCB

[ 12mm

70mm

5mm
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Electric field near the antenna

Antenna for loT from Space

-m e e - - T T = T

R 4 i i 4 g
‘\aauw»++++¢*##»ﬂ»ﬂﬂﬂﬁﬁ
nxauus**++++»»ﬂﬂﬂﬂ*&%\‘
N SN N S s b sd b e e R SR A A A M M M
S W N SRS SASASA A Y W W W WY
TR *CCCCCS S SR RR R R
T e L CCCCCCSS S S R R R R A
\\\x&\xa\mummiuttittbt
\\\\\\\\11\11.&‘...001
1\\\\\\\\11*11“.'.000'
"B AR ER S R 0 S SEXEE R R DA
' PR RRERE R R S CYCSEEERE R RN R B A
\\\\\1\\1111t000“.0.1
|\h\\\\%‘11“000‘.“..
hh\\\\‘l““ii“..‘..‘
h\hh\\i““i‘........l

Electric field 5cm from the antenna
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Antenna for 10T from Space LE#R
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Antenna for loT from Space

Normalized RSSI (dB)
co

-10
12 . » Measured
—Simulated
14
QQ
@ October 6th 2019
-16
A
— 35 40 45 50 55 60 65 70 75 80 85 90
Lacuna Satellite Elevation (°)
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Antenna for 10T from Space LEg

——LHCP phi=0°

4 —— RHCP phi=0°
- - -LHCP phi=90°
-8 - - -RHCP phi=90°

Realized Gain (dBic)

90 -75 60 -45 -30 -15 0 15 30 45 60 75 90
Theta )
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Antenna for loT from Space

Based on -300 Reference Schematic : \ \

- 868/923 RHCP antenna

SX1262 (LoRa transceiver)
STM32L476 (1Mb flash)

UbloxM8Q GPS

Sensors : Accelerometer, Air quality, ..
Hall sensor

LauréaEs de l'appel a projets « hardware » mené en 2021 par
f Q! O RSYAS awSaSldzES LY TF2NXI{

Sleep power . 20uA
Relay mode : 60uA

Several years of autonomy with a single
battery
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Antenna for loT from Space i,

space

Lacuna
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2022/9/23 22:34:52
elevation (%) : 21.20
azymuth(®) - 26.49

range (km) - 1210.7

rssi (dBm) : -134

sat: LS2B

cnt: 1262

lat, lon : 51.656205, 13.881628

§ RSSI Level
=-118
RSSI Level * .
[ 6 118> x> -123
A1Bex> 123 e B 12355123 BB
B o123 % g 3 ; B
123> x> -128 z 128> x> -133 [

128> x> 133 > e g &
H-=: P e .o <133

R Aa e

LS2D (polar orbit) LS2C (37nclination orbit)

Communication down to 2Zf elevation
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LS2D (polar orbit) LS2C (37nclination orbit)

Communication down to Z®f elevation
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Introduction

LEAT
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8 . . .
Extending minimal
7 . .
elevation increase
6 -
55 average pasSes pey
: Day
i
o
(1]
g3
z
0
1
o ! ! | ! —
0 15 30 45 60 75 a0
Minimum Elevation (s, in degrees)
Base
Parameter Value Remarks Variation Remarks
Inclination (i) | 60° f;‘:;dml:;”"mte'm”e 0-90° :fe";f:fl':f orbits
Similar to altitudes of Ikonos Covers almost all
Altitude (k) 680 km | and GeoEye commercial 350-1000 km | LEO satellites in
imagery spacecraft NORAD catalog
G! /| tF@r SpRroximation of Revisit Rate for |t | 3 | Alows reasonableimaging | 0.0°
Low! f UAUGdZRS { LI OSONJI TU € | N wZES NI LK LIV e

Burk,Ph.D
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identical results
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AFrom 0 to 20cm height

AFrom 2@ December 2020 to
6" January 2021

A17dBm output power
(respecting EU regulation)
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EXpe riments ‘A

ANTENNES ET TELECOMMUNICATIONS

AGround is strongly impacting
antenna pattern

ACan creatésofluxpattern

——Terminal in Free Space
- --Terminal over ground plane at 12cm

-10

-15

-20

-25

-180 -120 -60 O 60 120 180
Theta {)

Realized Gain (dBi)
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ANTENNES ET TELECOMMUNICATIONS

Experiments meld |

RSS! Level

RSSI Level
| PRI
18> x> 123

B 12355128
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1 second 30-100ms

nPreamble Symbols nHeader Symbols

Preamble - 1 1 Payload

CR = 4/8 . CR = CodingRate

SF7 with 1 sec
preamble

LoRaWAN Gateway

A Relaylorawanmessage

A Optimizerelay power consumption
thanksto duty cycledRx

29
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LoRaWAN Gateway

.’

Al

[ (s (]
A Relaysensitivity: -115 to-120 dBm
A Averagepower consumption: 70uA
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Omnispaceavith MEO

10000km from Earth
Inclination 44
Period : 6H

Every day: 2H of bidirectional
communication

LS300 Lacuna terminal i1s available

Sbandlicenceneeded to operate in the
country

omnispace

Lacuna

31



12m AstroMesh
18m reflector to create
regional cells on the
ground

45° elevation south

Gain : 50dBi per beam

Sband 52



Echostarbudgetlink ceramidinearantenna

AGeostationayorbit : 36000km
AAttenuation @2GHz : 190 dB
ARXxsensitivity: -135dBm (SF12)
AMargin: 6dB @ependon your application)

AFadingeffect: 4-8dB (multipath)
AKit avgAntennagain :-1dBi 36000km

ALinearto CPloss: 3dB
ASatellite Gain (18rdish) : 50dB

------------------------------------------------'>‘,;",'-

Txpower terminal : 1923dBm
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Echostarbudgetlink with CPantenna

AGeostationayrbit : 36000km
AAttenuation @2GHz : 190 dB
ARxsensitivity: -135dBm (SF12)
AMargin: 6dB lependon your application)
AFadingEffect: 2-4dB
AAvgAntennagain : 0dBic
ASatellite Gain (18rdish) : 50dB

Txpower terminal : 1315dBm



Antennadevelopment

A Size : 50*65*10mm
A Sband Left Hand Circularly Polarize:

Antenna

A L-band Right Hand CP antenna for
GNSS

AUHF miniature antenna for 868MHz

35



SbandAntennaMeasurement

D AN ONDO ©
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—Directivity —Gain —Efficiency
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Realized Gain (dBi)

ST
O w P

EAT
SbandAntennaMeasurement 5 QN

© N D ek R, waon

-180 -120 -60 0 60 120 180
Theta angle?)

——90 2000.00 ELHCP ---90 2200.00 ELHCP
——90 2000.00 ERHCP ---902200.00 ERHCP
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Test with Tx =0dBm (1mW)
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ASNR14 to-16dB

ALow impact from human body
effect
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Terminaldevelopment

A Size : 50*65*10mm

A Module EM2050

A STM32WB5MMGH6TR module

A SbandLeftHandCircularlyPolarized 65mm
Antenna

A L-band Right Hand Gintennafor GNSS

A UHF miniaturentennafor 868MHz

50mm
39
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Terminaldevelopment

A Size : 50*65*10mm
A Module EM2050
A STM32WB5MMGH6TR module e .

: : oy | Y EchoStarMobile- C€ :
A SbandLeftHandCircularlyPolarized PO o EM2050 UK §

DevEUI: Cn '

Antenna
A L-band Right Hand Gintennafor GNSS
A UHF miniatureintennafor 868MHz
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Test with 14dBm

A4*AAA battery
ASNR11 to-15dB

AStill 6 dB difference with
antenna alone> work In
progress
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